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ABSTRACT
I n v e s t i g a t i o n s  were conducted  co n ce rn in g  e f f e c t s  o f  m irex ,  
a  p e r s i s t e n t  o r g a n o c h lo r in e , on w i l d l i f e  s p e c ie s  o f  economic 
a n d /o r  r e c r e a t i o n a l  v a lu e  in  L o u i s ia n a .
The in f lu e n c e  o f  m lrex  on p r o d u c t io n  o f  re d  c r a w f i s h ,  
Procam barus c l a r k l  ( G i r a r d ) , i n  r i c e  f i e l d s  was examined. Twenty 
e x p e r im e n ta l  p l o t s  were s to c k e d  w i th  2 ,0 0 0  b rood  c ra w f is h  (50 
p a i r s / p l o t ) .  Each p l o t  was randomly a s s ig n e d  to  1 of 4 
t r e a tm e n t s :  (1 ) c o n v e n t io n a l  r i c e  i n s e c t i c i d e s ,  m a la th io n  and 
c a r b o fu ra n ;  (2) m irex  a lo n e ;  (3) m irex  in  c o n ju n c t io n  w i th  
m a la th io n  and c a r b o fu ra n ,  and ; (4) u n t r e a t e d  c o n t r o l s .  M irex 
b a i t  (0.3% t e c h n i c a l  m a t e r i a l )  was a p p l i e d  a t  th e  r a t e  o f  1 .25  
pounds p e r  a c r e  in  3 a p p l i c a t i o n s ,  a p p ro x im a te ly  90 days a p a r t .
S t a t i s t i c a l  a n a ly s e s  o f  d a ta  r e v e a le d  t h a t  su b seq u en t 
d i f f e r e n c e s  between t r e a tm e n ts  in  c ra w f is h  s i z e ,  sex  r a t i o ,  and 
w e ig h t  y i e l d  were n o n s i g n i f i c a n t ,  w h e re a s ,  d i f f e r e n c e s  i n  number 
h a r v e s te d  were s i g n i f i c a n t .  P l o t s  t r e a t e d  w i th  m irex  a lo n e  p r o ­
duced th e  f<!west c ra w f ish  (3 ,6 4 2 )  and  c o n t r o l  p l o t s  th e  most 
(5 ,6 6 7 ) .  The t r e a tm e n t  c o n s i s t i n g  o f  m ire x ,  m a la th io n ,  and 
c a r b o f u r a n ,  how ever, produced  th e  second  h ig h e s t  number ( 5 ,6 3 7 ) ;  
s l i g h t l y  below th e  t o t a l  c o l l e c t e d  from c o n t r o l  p l o t s .  O rthogonal 
com parisons i n d i c a t e d  t h a t  th e  d i s p a r i t y  among t r e a tm e n ts  was no t
x i i i
due to  m lrex  a c t i v i t y .  M irex r e s id u e s  in  c r a w f i s h  from p l o t s  
r e c e iv in g  m irex  a p p l i c a t i o n s  a v e rag ed  0 .248  ppm (ran g e  o f  0 .0 9  -  
2 .1 0  ppm) on a whole body b a s i s ,  w hich  i s  above th e  t o l e r a n c e  
e s t a b l i s h e d  f o r  f a t  o f  r e d  meat (0 .1  ppm).
The e f f e c t  o f  m lrex  on p ro d u c t io n  o f chan n e l c a t f i s h ,  
I c t a l u r u s  p u n c ta tu s  ( R a f ln e s q u e ) , was a l s o  e v a lu a te d .  Four ponds 
r e c e iv e d  3 a p p l i c a t i o n s  o f  m irex  b a i t  (1 .2 5  p o u n d s /a c re )  and 4 
ponds s e rv e d  a s  c o n t r o l s .
N o n s ig n i f ic a n t  d i f f e r e n c e s  were ob se rv ed  between t r e a tm e n ts  
i n  c a t f i s h  s u r v i v a l ,  w e ig h t  y i e l d ,  and l e n g th .  However, s u r v iv a l  
i n  t r e a t e d  ponds was a p p ro x im a te ly  33% l e s s  th a n  t h a t  o b se rv ed  in  
c o n t r o l  ponds . Weight d i f f e r e n c e s  among t r e a tm e n ts  were i n v e r s e ly  
r e l a t e d  t o  le n g th  o f  ex p o su re ;  a 17.9% d i f f e r e n c e  was n o te d  
betw een t r e a t e d  and c o n t r o l  f i s h  su b seq u en t t o  th e  f i n a l  m irex  
a p p l i c a t i o n .  M lrex r e s id u e s  were d e t e c t e d  in  e d ib l e  p o r t i o n s  
o f  c a t f i s h  from t r e a t e d  ponds (X 0 .0 1 8 ;  range  o f  0 .0 1  -  0 .0 3  ppm). 
Based on a  3.1% f a t  c o n te n t  in  c a t f i s h  m u sc le ,  and assum ing t h a t  
m irex  c o n c e n t r a te d  in  l i p i d  t i s s u e ,  th e s e  r e s id u e s  exceed  th e  
e s t a b l i s h e d  to l e r a n c e  f o r  m irex  i n  f a t  o f  re d  meat (0 .1  ppm).
Mirex was in c o r p o r a te d  in  th e  d i e t  o f  m a l l a r d s ,  Anas 
p la tv rh v n c h o s  L . , a t  0 ,  1 , and 100 ppm f o r  25 w eeks. Com parative 
measurements were o b ta in e d  on egg p r o d u c t io n ,  s h e l l  t h i c k n e s s ,  
s h e l l  w e ig h t ,  em b ry o n a tlo n , h a t c h a b i l i t y , and d u ck l in g  s u r v i v a l .  
A n a ly s is  o f  v a r i a n c e  r e v e a le d  n o n s i g n i f i c a n t  d i f f e r e n c e s  between 
t r e a tm e n ts  f o r  a l l  p a ra m e te rs  e x cep t  d u c k l in g  s u r v i v a l .
x iv
E g g s h e l l s  from m a l la rd s  fed  1 ppm were s l i g h t l y  t h i c k e r  
(X 4 4 .7  m ic ro n s)  and h e a v ie r  (X 4 0 .04  gms) In  com parison  to  th o s e  
o f  c o n t r o l  duck s .  M a lla rd s  fed  100 ppm produced eggs w ith  
t h i n n e r  (X - 2 .1  m ic rons)  and l i g h t e r  (X -0 .1 2  gms) s h e l l s  
th an  th o s e  from c o n t r o l  b i r d s .  P e rc e n ta g e  o f  d u c k l in g s  
s u r v iv in g  a 2-week p o s t - h a tc h  p e r io d  was 72 .6  in  th e  100 ppm 
t r e a tm e n t ,  compared to  9 3 .8  and 95 .7  f o r  th e  1 ppm and c o n t r o l  
g ro u p s ,  r e s p e c t i v e l y .
A f t e r  18 weeks o f  f e e d in g ,  m lrex  accum ula ted  in  eggs a t  
2 .4  (1 ppm t r e a tm e n t )  and 2 .8  (100 ppm t r e a tm e n t )  t im es  th e  
d i e t a r y  l e v e l .  The c o n c e n t r a t io n  f a c t o r  o f  m irex  i n  l i v e r ,  w ings , 
and f a t  ranged  from 1 .5  to  30 t im es  th e  d i e t a r y  l e v e l .  R es idues  
i n  b r a in  and m uscle were c o n s i s t e n t l y  below th e  amount a d m in is te r e d .  
The h ig h e s t  r e s id u e  (2 ,9 6 4 .3  ppm) was d e te c te d  in  f a t  o f  m a l la rd s  
fed  100 ppm.
Samples were c o l l e c t e d  from a q u a t i c  and t e r r e s t r i a l  
ecosys tem s in  an a r e a  t h a t  had r e c e iv e d  6 a p p l i c a t i o n s  o f  m irex  
b a i t  d u r in g  1966-1970. R e s u l t s  o f  GLC a n a ly s e s  i n d i c a t e d  t h a t  
m lrex  accu m u la te s  s e q u e n t i a l l y  i n  food complexes and c o n c e n t r a t e s  
in  h ig h e r  t r o p h i c  l e v e l s .  I n  bo th  eco sy s tem s , om nivores and to p  
c a r n iv o r e s  c o n ta in e d  th e  h i g h e s t  r e s i d u e s .
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INTRODUCTION
In  th e  p a s t  30 y e a r s  s y n t h e t i c  o rg a n o c h lo r ln e  ch em ica ls  have 
en jo y ed  u n p re c ed e n te d  u se  i n  c o n t r o l  o f  a r th ro p o d  p e s t s .  As a r e ­
s u l t  they  have become w id e ly  d i s p e r s e d ,  r e a c h in g  rem ote ecosys tem s 
n o t  s u b je c te d  t o  d i r e c t  i n s e c t i c i d e  a p p l i c a t i o n .  Some o f  th e  more 
p e r s i s t e n t  m a t e r i a l s  have been  im p l ic a te d  in  p o p u la t io n  d e c l i n e s ,  
r e p r o d u c t iv e  f a i l u r e s ,  and mass m o r t a l i t i e s  o f  a v a r i e t y  o f  w i l d l i f e  
s p e c ie s  (Newsom 1967, S t i c k e l  1968). I t  i s  t h e r e f o r e  im p o r tan t  to  
d e te rm in e  th e  c o n ta m in a t io n  p o t e n t i a l  o f  any s t a b l e  o rg a n o c h lo r ln e  
recommended f o r  w id e sc a le  u s e .
A program  was ad o p ted  in  1969 by th e  Animal and P la n t  H ea lth  
I n s p e c t io n  S e rv ic e  (USDA) to  e r a d i c a t e  th e  im ported  f i r e  a n t ,  
S o le n o p s is  s a e v ls s im a  r l c h t e r i  F o r e l  ((proposed name i s  re d  im ported  
f i r e  a n t ,  S o le n o p s is  i n v i c t a  Buren (Buren 1972, Smith 1972}) . The 
p la n  a u th o r i z e d  in d i s c r i m i n a t e  a p p l i c a t i o n  o f  m irex ,  a s t a b l e  
o rg a n o c h lo r ln e ,  to  120 m i l l i o n  a c r e s  in  9 s o u th e rn  s t a t e s .  Three 
a p p l i c a t i o n s  o f  a b a i t  f o rm u la t io n  (0 .3  p e rc e n t  m irex  im pregnated  
on a corncob  g r i t  b a se )  were recommended a t  1 .25 pounds p e r  a c r e .
The program was l a t e r  m o d if ied  i n t o  a c o n t r o l  campaign (USDA 1971). 
Under th e  new p la n  p r o v i s io n s  were In tro d u c e d  to  ap p ly  m irex  on ly  
t o  " t r o u b l e - s p o t s "  and to  a v o id  e s t u a r i e s ,  prime w i l d l i f e  h a b i t a t ,  
h e a v i ly  f o r e s t e d  a r e a s ,  and s t a t e  and f e d e r a l  p a rk s .
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S u f f i c i e n t  d a ta  t o  d e f i n i t i v e l y  su p p o r t  o r  su p p re s s  t h i s  
p r o j e c t  i s  n o t  p r e s e n t l y  a v a i l a b l e .  T h e re fo re ,  4 s t u d i e s  were 
i n i t i a t e d  to  i n v e s t i g a t e  p o s s ib l e  e n v iro n m e n ta l  h a z a rd s  a s s o c i a t e d  
w ith  m irex  u sag e .  S p e c ia l  em phasis  was p la c e d  on n o n ta r g e t  
o rgan ism s o f  economic a n d /o r  r e c r e a t i o n a l  v a lu e  in  L o u is ia n a .
C raw fish  Study
C raw fish ,  a s  a food i tem , e n jo y s  c o n s id e r a b le  p o p u l a r i t y  
iti th e  s t a t e .  They a r e  h a rv e s te d  from n a t u r a l  h a b i t a t s  and 
com m ercia lly  grown in  ponds, Impoundments, and r i c e  f i e l d s .  The 
h a r v e s t  i s  composed p r im a r i l y  o f  th e  red  c r a w f i s h ,  Procambarus 
c l a r k i  ( G i r a r d ) , and to  a l e s s e r  e x t e n t  o f  th e  w h ite  r i v e r  craw ­
f i s h ,  Procambarus b la n d in g !  (G i r a r d ) .
The e x a c t  v a lu e  o f  c ra w f ish  i s  d i f f i c u l t  to  a s c e r t a i n .  S ix  
m i l l i o n  pounds o f  n a t u r a l  "w ild "  c ra w f is h  may be h a r v e s te d  each 
y e a r  (LaCaze 1970) w h ile  e s t im a te s  o f  commercial p ro d u c t io n  ran g e  
from 2 - 1 0  m i l l i o n  pounds a n n u a l ly  (L o v e l l  1968, A v a u l t  e t  a l .
1970). The c ra w f is h  in d u s t r y  in  L o u is ia n a  has  been  v a lu ed  a t  
a p p ro x im a te ly  $ 5 ,0 00 ,000  (de la  B re tonne  1970).
An in c r e a s in g  number o f  r i c e  fa rm ers  a r e  a l t e r n a t i n g  r i c e  
w i th  c ra w f ish  p r o d u c t io n .  The 2 p ro c e d u re s  a r e  co m p a tib le  and 
f i t  w e l l  i n t o  a r o t a t i o n  scheme (Thomas 1963). As a secondary  
c ro p  c ra w f ish  may exceed  r i c e  i n  a c t u a l  v a lu e  (H endrick  e t  a l .
1966); t h e r e f o r e ,  a s tu d y  was conducted  to  d e te rm in e  th e  in f l u e n c e  
o f  m irex  on p ro d u c t io n  and s u r v iv a l  o f  c ra w f is h  grown in  r i c e  
f i e l d s  o f  s o u th e rn  L o u is ia n a .
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C a t f i s h  Study
C a t f i s h  fa rm ing  has  become an  Im p o rtan t  in d u s t r y  th ro u g h o u t 
th e  s o u th e a s t e r n  U n ited  S t a t e s .  S u b s t a n t i a l  money and la b o r  i s  
expended on pond c o n s t r u c t i o n ,  f e e d in g ,  h a r v e s t i n g ,  and p ro c e s s in g  
t h i s  c rop  (Brown e t  a l .  1969, Davis and Hughes 1970). I t  i s  
im p o r tan t  t h a t  th e  r o l e  o f  m irex  in  th e  p ro d u c t io n  o f  pond r e a r e d  
channel c a t f i s h ,  I c t a l u r u s  p u n c ta tu s  ( R a f in e s q u e ) , be d e te rm in ed .
A s tu d y  was conduc ted  i n  1971-72 to  i n v e s t i g a t e  t h i s  i n t e r a c t i o n .
M a lla rd  Study
W aterfowl h u n t in g  p ro v id e s  e x te n s iv e  r e c r e a t i o n  f o r  thousands 
o f  L o u is ia n a n s .  Over 97 ,500  h u n te r s  p u rch ased  w a te r fo w l l i c e n s e s  
and n e a r ly  2 ,7 0 0 ,0 0 0  ducks were k i l l e d  d u r in g  th e  1970-71 seaso n  
(H unter 1971). A ccord ing  to  Bateman —̂ m a l la rd s ,  Anas p la tv rh y n c h o s  
L . ,  com prise  a p p ro x im a te ly  25 p e rc e n t  o f  th e  ducks bagged a n n u a l ly  
in  L o u is ia n a .  In  o rd e r  to  a s c e r t a i n  th e  e f f e c t  o f  m irex  on 
r e p r o d u c t io n  and s u r v i v a l  o f  m a l la rd s  a  c o n t r o l l e d  s tu d y  was 
conducted  in  1971-72.
B io m a g n if ic a t io n  Study
The c h ro n ic  s i g n i f i c a n c e  o f  p e s t i c i d e s  to  w i l d l i f e  
p o p u la t io n s  in  n o t  f u l l y  u n d e rs to o d .  I t  i s  known, however, 
t h a t  r e s id u e s  o f t e n  c o n c e n t r a te  a lo n g  b i o t i c  pathw ays; the
P e rs o n a l  communication (1972) H. Bateman, L o u is ia n a  Wild 
L i f e  and F i s h e r i e s  Commission, Baton Rouge, L o u is ia n a .
h ig h e r  th e  t r o p h ic  l e v e l  th e  h ig h e r  th e  a c c u m u la t io n  (Dustman 
1966). B io m a g n lf lc a t lo n  o f  t h i s  s o r t  has been  d em o n s tra ted  in  
a  number o f  a q u a t i c  and t e r r e s t r i a l  food c h a in s  (Cope 1966, 
Hunt 1966), A p re l im in a r y  s tu d y  was t h e r e f o r e  conducted  to  
d e te rm ine  th e  f a t e  o f  m irex  w i t h i n  b i o l o g i c a l  food complexes 
in  an a r e a  h av ing  a h i s t o r y  o f  m irex  a p p l i c a t i o n .
LITERATURE REVIEW
M lrex: Background and Uses
M lrex (d o d e c a c h lo ro o c ta h y d ro - l ,3 ,4 -m e th e n o -2  H c y c lo b u ta  
(cd) p e n ta le n e )  I s  m anufac tu red  by th e  Hooker Chemical C o rp o ra t io n  
b u t  fo rm u la ted  and s o ld  by A l l i e d  C hem ical. I t  I s  a p o ly c y c l l c  
c h l o r i n a t e d  h y d rocarbon  (C^qC I j^ ) ,  v e ry  s t a b l e ,  o d o r l e s s ,  I n s o lu b le  
In  w a te r ,  and n o n p h y to to x lc  ( A l l i e d  Chemical T e c h n ic a l  P ro d u c t  
B u l l e t i n  1283-02-1005). Mlrex h a s  been approved f o r  u se  a g a i n s t  a 
number o f  hym enopterous p e s t s ,  e s p e c i a l l y  a n t s ,  and I s  a v a i l a b l e  In  
s e v e r a l  b a i t  f o r m u la t io n s .  M lrex G ra n u la ted  B a l t  4X I s  c u r r e n t l y  
recommended In  th e  Im ported  f i r e  a n t  c o n t r o l  program . The t e c h n i c a l  
m a t e r i a l  i s  in c o r p o r a te d  i n  soybean o i l  and sp ray ed  on corncob 
g r a n u le s .  The soybean o i l  s e rv e s  a s  an a t t r a c t a n t  and th e  g ra n u le s  
a s  a  c a r r i e r .  By w e igh t th e  components a r e  0 .3  p e r c e n t  m irex ,  14.7 
p e r c e n t  soybean o i l ,  and 85 p e r c e n t  corncob g r i t .  M lrex i s  a l s o  so ld  
under  th e  name Dechloran^® a s  a f i r e  r e t a r d a n t  (Markin e t  a l .  1971).
As a t o x i c a n t  m irex  has  been d i v e r s e l y  c l a s s i f i e d .  The R eport  
by th e  Subcommittee on E nv ironm en ta l  Improvement (1969) concluded  
t h a t  m irex  e x h ib i t e d  e x tre m e ly  low t o x i c i t y  to  mammals and p re s e n te d  
no h a za rd  to  w i l d l i f e .  L ik ew ise ,  M ar tin  (1964) a t t r i b u t e d  a 
r e l a t i v e l y  low . le v e l  o f  t o x i c i t y  to  b i r d s ,  f i s h ,  and c r u s t a c e a n s  to  
m irex  e x p o su re .  However, in  th e  R eport  o f  th e  S e c r e t a r y ' s  Committee 
on P e s t i c i d e s  and T h e ir  R e l a t io n s h ip  to  E nv ironm enta l  H ea lth  (1969)
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m irex was inclu ded  among th o se  m a te r ia ls  d esig n a ted  as ca rc in o g en s.
I t  has  a l s o  been im p l ic a te d  in  c a t a r a c t  fo rm a tio n s  (G aines and 
Kimbrough 1969) and a s  a t e r a t o g e n  ( In n e s  e t  a l .  1969).
T o le ra n c e s  f o r  m irex  have been  i s s u e d  a t  0 .1  ppm in  f a t  o f  
m eat ,  m i lk  f a t ,  and e g g s ,  and 0 .0 1  ppm in  raw a g r i c u l t u r a l  com m odities 
(USDA 1969).
M irex a f f o r d s  e f f e c t i v e  c o n t r o l  o f  th e  im ported  f i r e  a n t  
( B a r t l e t t  and L o fg ren  1961, L ofgren  e t  a l .  1962, and S t r i n g e r  e t  a l .
1964). I t  w i l l  a l s o  c o n t r o l  t h e  w e s te rn  h a r v e s t e r  a n t ,  Pogonomyrmex 
o c c i d e n t a l i s  ( C r e s s o n ) , th e  Texas l e a f - c u t t i n g  a n t ,  A t ta  texana  
B uckley , y e l lo w  j a c k e t s ,  V espula  s p p . ,  cutworms ( L e p id o p te r a ; P h a l a e n i d a e ) , 
earw igs  (D e rm a p te ra ) , and wireworms, A g r io te s  sp p . (A l l i e d  Chemical
1971).
Reagan e t  a l .  (1972) a s c r ib e d  d e c r e a s in g  numbers o f  p r e d a to r s  
o f  th e  su g arcan e  b o r e r ,  D ia t r a e a  s a c c h a r a l i s  F . ,  t o  m irex  a p p l i c a t i o n s .  
Among i n s e c t s  a d v e r s e ly  a f f e c t e d  were ground b e e t l e s  (C o le o p te ra ;
C arab id ae )  and s t a p h y l i n i d s  (C o le o p te ra ;  S t a p h y l i n i d a e ) . C r ic k e t s  
(O r th o p te r a ;  G r y l l i d a e ) ,  a n o n p re d a to r ,  were a l s o  re d u ced .
W ilson (1971) found r e s i d u e s  in  a r th r o p o d s  o th e r  th a n  th e  
im ported  f i r e  a n t  fo l lo w in g  m irex  a p p l i c a t i o n s .  C r i c k e t s ,  G ry l lu s  
s p p . ,  c o n ta in e d  7 .44  ppm m irex  and t h e i r  p o p u la t io n  l e v e l s  were 
re d u c ed .  M i l l ip e d e  (D ip lopoda) p o p u la t io n s  and ground b e e t l e s  were 
a l s o  a d v e r s e ly  a f f e c t e d .
The e f f e c t  o f  m irex  on honey bees  was i n v e s t i g a t e d  by Glancey 
e t  a l .  (1 9 6 9 ) .  Samples were c o l l e c t e d  b e fo re  and a f t e r  t r e a tm e n t .
No e f f e c t  was ob se rv ed  and gas ch ro m ato g rap h ic  a n a ly s e s  r e v e a le d  no 
d e t e c t a b l e  amounts o f  m irex  i n  b e e s ,  honey, and p o l l e n .
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The R ole  o f  O rg a n o c h lo r ln e s  i n  A q u a t ic  Ecosystem s 
O ccurrence  o f  o rg a n o c h lo r ln e  I n s e c t i c i d e s  in  a q u a t i c  h a b i t a t s  
h a s  been  r e p o r t e d  f r e q u e n t ly  ( B u t l e r  1964, Cope 1966, S t i c k e l  1968). 
Low w a te r  s o l u b i l i t y  and h ig h  l i p i d  a f f i n i t y  h a s  c o n t r i b u t e d  to  
a c c u m u la t io n s  o f  o r g a n o c h lo r ln e s  in  a q u a t i c  o rgan ism s (R isebrough  
1969). C o n c e n t r a t io n  i s  a l s o  a t t r i b u t e d  t o  p h y s i c a l  and ch em ica l 
f a c t o r s  (Ferguson  e t  a l .  1964, 1965) and to  p h y s i o l o g i c a l  d i f f e r e n c e s  
betw een organ ism s (Cope 1971).
P o p u la t io n s  may be a c u t e l y  a l t e r e d  by ex p o su re  to  o rgano-  
c h l o r i n e s  (Johnson  1968). S tream  i n s e c t s  have  shown h ig h  s u s c e p t i ­
b i l i t y  (Cottam and H igg ins  1946, Ide  1957) a s  have c r u s ta c e a n s  
(H a r r in g to n  and B id lingm ayer  1958), F is h  may a l s o  be d r a s t i c a l l y  
a f f e c t e d  (Young and N icho lson  1951, B urd ick  e t  a l .  1964). Newsom 
(1967) and Johnson (1 9 6 8 ) , however, s t r e s s e d  th e  t r a n s i t o r y  n a tu r e  
o f  a c u te  f l u c t u a t i o n s  in  a q u a t i c  p o p u la t io n s .  Because o f  th e  h igh  
r e p r o d u c t iv e  and r e c o v e ry  p o t e n t i a l  o f  many a q u a t i c  o rg an ism s, 
p o p u la t io n  d e c l i n e s  and changes i n  s p e c ie s  c o m p o s i t io n  a r e  o f t e n  
o n ly  tem pora ry .
O rg a n o ch lo r ln e s  and C ru s ta c e a n s
B io a ssa y s  on immature and a d u l t  red  swamp c ra w f is h  were 
conducted  by H endrick  and E v e r e t t  (1965) . Medium to l e r a n c e  l i m i t s  
(TLm) on j u v e n i l e  c ra w f is h  were e s t a b l i s h e d  f o r  a l d r i n  and m ethy l 
m ercury d icyand iam ide  (MMDD). M oderate t o x i c i t y  was r e p o r t e d  f o r  
b o th  compounds. A 5 -day  TLm f o r  a l d r i n  was 38 ppb and 83 ppb f o r
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MMDD. A TLm f o r  a d u l t  c ra w f ish  t e s t e d  was 600 ppb f o r  a l d r i n .
H endrick  e t  a l .  (1966a) a l s o  s tu d ie d  th e  e f f e c t s  o f  
m ethy l p a r a th io n  and c a r b a r y l  on red  c ra w f ish  grown in  r i c e  
f i e l d s  p la n te d  w i th  a l d r i n - t r e a t e d  seed .  M ethyl p a r a th io n  was 
t e s t e d  a t  0 .25  pounds pe r  a c r e ,  c a r b a r y l  a t  0 .8  pounds per a c r e ,  
and a l d r i n  a t  0 .25  pounds per 100 pound o f  seed .  T rea tm en ts  
c o n s i s t e d  o f  a l d r i n - t r e a t e d  seed a lo n e  and in  c o n ju n c t io n  w ith  
c a r b a r y l  and m e thy l p a r a th io n .
P e r io d ic  o b s e r v a t io n s  were made t o  d e te rm in e  growth and 
s u r v i v a l  r a t e s .  A f te r  1 y e a r  t h e r e  were no d e t e c t a b l e  d i f f e r e n c e s  
in  s i z e ,  w e ig h t ,  or s u r v i v a l  between c ra w f ish  in  t r e a t e d  and u n ­
t r e a t e d  p l o t s .  R es idue  o f  a l d r i n  in  c ra w f ish  from t r e a t e d  p l o t s  
was s e v e r a l  t im es th e  amount in  th e  s o i l .  D ie ld r in ,  an  epoxide  o f  
a l d r i n ,  was found in  amounts commensurate w i th  s o i l  l e v e l s  
(H endrick  e t  a l .  1966b).
The e f f e c t  o f  m irex  on red  c ra w f ish  was in v e s t ig a t e d  by 
Muncy and O l iv e r  (1 9 6 3 ) . B ioassays  were conducted  on in d iv id u a l  
c ra w f ish  a t  0 .0 0 0 4 , 0 .0 0 2 ,  0 .0 1 ,  and 0 .1  ppm m irex .  O b se rv a tio n s  
were made a t  24, 48 ,  and 72 hours  su b seq u en t to  t r e a tm e n t  and no 
m o r t a l i t y  was a t t r i b u t e d  to  m irex  ex p o su re .
Ludke e t  a l .  (1971) s tu d ie d  th e  a c u te  t o x i c i t y  o f  m irex  to  
w h ite  r i v e r  c r a w f i s h .  B io assay s  were conducted  by exposing  j u v e n i l e  
c ra w f is h  to  s u b l e t h a l  c o n c e n t r a t io n s  o f  t e c h n i c a l  m irex  in  s t a t i c  
w a te r  a t  0 .1 ,  0 .5 ,  1 .0 ,  and 5 .0  ppb; by fe e d in g  1 or 2 g ra n u le s  of
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m irex  b a i t  to  j u v e n i l e s  and a d u l t s ;  and by e x p o s in g  ju v e n i l e  c ra w f is h  
t o  m irex  leached  from u n a c c e s s ib le  b a i t .  I n  a l l  t e s t s  m o r t a l i t y  
was d e la y e d ,  In c re a se d  w i th  c o n c e n t r a t i o n ,  and was i n v e r s e ly  r e l a t e d  
to  c ra w f is h  s i z e .  Observed m o r t a l i t y  a f t e r  5 days o f  d i r e c t  ex ­
p osure  approached  100 p e rc e n t  and 95 p e rc e n t  in  7 days from i n ­
d i r e c t  exposure  ( l e a c h i n g ) .  F eed in g  1 g ra n u le  to  j u v e n i l e s  r e ­
s u l t e d  in  77 p e rc e n t  m o r t a l i t y  in  6 days and 100 p e rc e n t  m o r t a l i t y  
was observed  in  a d u l t s  in  4 days when fed 2 g ra n u le s .
M irex r e s id u e s  were accum ula ted  in  b o th  j u v e n i l e  and a d u l t  
c r a w f is h .  Whole-body a n a ly s e s  r e v e a le d  c o n c e n t r a t io n s  27 ,210 t im es  
t h a t  in  th e  w a te r  and c o n c e n t r a t io n s  in  th e  d i g e s t i v e  g lan d s  i n ­
c re a sed  126,602 f o ld .
M arkin e t  a l .  (1971) c o l l e c t e d  c r a w f is h  from 7 p a r i s h e s  in  
L o u is ian a  w i th  a h i s t o r y  o f  m irex  u s e .  T h i r ty  1-pound samples were 
a n a ly zed  fo r  m irex  c o n te n t .  Only 7 c o n ta in e d  r e s id u e s  ra n g in g  
from 0 .01  to  0 .07  ppm. The a u th o r s  concluded  t h a t  th e  u se  o f  
m irex  a t  p r e s e n t  l e v e l s  posed no t h r e a t  t o  th e  c ra w f ish  i n d u s t r y .  
L ik ew ise ,  C o l l in s  and D avis (1971) a n a ly zed  c ra w f ish  from a 3 a c r e  
f i s h  pond which had re c e iv e d  m irex  a t  f i e l d  dosage . No m o r t a l i t y  
or symptoms o f  m irex  p o iso n in g  were d e te c te d  and p o p u la t io n s  were 
n o t  n o t i c e a b ly  a l t e r e d .  R es id u es  ranged  from 0 to  0 .4  ppm in  
immatures and 0 to  1.72 ppm in  a d u l t  c r a w f is h .
The e f f e c t  o f  m irex  on a number o f  e s t u a r i n e  organism s was 
in v e s t i g a t e d  by Lowe e t  a l .  (1971) . Blue c r a b s ,  C a l l i n e c t e s  s a p i d u s . 
f i d d l e r  c r a b s ,  Uca p u g u l a t o r . and s e v e r a l  s p e c ie s  o f  sh rim p , Penaeus
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spp . and Palaem onetes  s p p . , were s u b je c te d  to  a s e r i e s  o f  b io a s s a y s  
in  s t a t i c  or f lo w in g  se a w a te r .  Exposure t o  m irex  was in  a b a i t  
f o rm u la t io n  or d i s s o lv e d  in  se a w a te r .  Symptomatology o f  m irex  
p o iso n in g  was i r r i t a b i l i t y ,  lo s s  o f  e q u i l ib r iu m ,  u n d i r e c te d  move­
m ent, p a r a l y s i s ,  and d e a th .
Delayed t o x i c i t y  was observed  in  t e s t s  on j u v e n i l e  shrim p. 
T w en ty -f iv e  p e rc e n t  d ie d  d u r in g  7 days o f  exposu re  to  m irex  and 
th e  rem ainder d ied  w i th in  4 days a f t e r  t e r m in a t io n  o f  t r e a tm e n t s .
Blue and f i d d l e r  c ra b s  were a l s o  found s u s c e p t i b l e  to  m irex .  Both 
s p e c ie s  e x h ib i t e d  h ig h  l e v e l s  o f  m o r t a l i t y  when exposed to  1 p a r t i c l e  
o f  m irex  b a i t  o r r a t e s  eq u a l  to  th e  recommended f i e l d  dosage .
M irex and F is h
Van V a l in  e t  a l .  (1968) s tu d ie d  th e  rep .c t io n  of 2 f r e s h w a te r  
f i s h  s p e c ie s  to  m irex  e x p o su re .  B l u e g i l l s ,  Lepomis m a c r o c h i r u s . 
ex p e r ien ced  no m o r t a l i t y  when fed a d i e t  c o n ta in in g  0 , 1, 3 ,  and 5 
m i l l ig ra m s  o f m irex  per k ilogram  o f body w eigh t (m g /k g ) . No 
p a th o lo g ic a l  symptoms were a s s o c i a t e d  w i th  m irex  consum ption , a l ­
though growth was a f f e c t e d  a t  th e  h ig h e s t  c o n c e n t r a t i o n .
G o ld f is h ,  C a r a s s iu s  a u r a t u s ,  and b l u e g i l l s  were s u b je c te d  
t o  c o n ta c t  exposu re  in  ponds c o n ta in in g  m irex  b a i t  ( 1 . 0  ppm and 
0.0013 ppm m ir e x ) .  No b l u e g i l l  m o r t a l i t y  was a s c r ib e d  t o  m irex  and 
no h i s t o l o g i c a l  damage was o b serv ed . G o ld f i s h ,  however, ex p e r ien c e d  
m o r t a l i t y  in v e r s e ly  r e l a t e d  to  t r e a tm e n t  l e v e l .  They a l s o  e x h ib i t e d  
g i l l  d e fo rm a tio n  and k idney  l e s i o n s  which were a t t r i b u t e d  t o  m irex  
ex p o su re .
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Lowe e t  a l .  (1971) fed  p i n f i s h ,  Lagodon rhom boldea . a d i e t  
c o n ta in in g  a p p ro x im a te ly  20 ppm m irex  f o r  5 months w i th o u t  a d v e r s e  
e f f e c t s .  L ik ew ise ,  J e n k in s  (1963) t e s t e d  b l u e g i l l  and g o l d f i s h  
in  a q u a r ia  a t  30 t im es  th e  recommended f i e l d  dose and observed  no 
m o r t a l i t y  o r  symptoms o f  m irex  p o iso n in g .  B u t le r  (1964) a l s o  found 
no e f f e c t  on s p o t ,  Leiostom us s p p . ,  when exposed to  m irex  fo r  24 
and 48 hou rs  a t  2 .0  m i l l ig ra m s  per l i t e r  o f  w a te r .
A s e r i e s  o f  i n v e s t i g a t i o n s  w i th  m irex  and ch an n e l  c a t f i s h  was 
conducted  by Maxwell (1971) . Out o f  131 c a t f i s h  c o l l e c t e d  from 10 
s t a t e s ,  m irex  was found in  23 m uscle  and 16 l i v e r  sam ples . R es id u es  
ranged from 0  to  0 .028  ppm i n  m uscle  and 0  t o  0 . 0 2 2  ppm in  l i v e r s .
S ix ty  c a t f i s h  were exposed to  w a te r  c o n ta in in g  300 ppb m irex  
and th en  r e l e a s e d  i n t o  ponds. I n  4 months sm a ll  r e s id u e s  were found 
in  b lo o d ,  m u sc le ,  and l i v e r  (0 .1 6 ,  0 .0 3 ,  and 0 .09  ppm r e s p e c t i v e l y ) .  
I n  a s im i l a r  s tu d y  g r a v e l  was soaked in  a 0.17. s o l u t i o n  o f  m irex  
and th e n  p la ce d  i n t o  f lo w - th ru  t a n k s .  One hundred c a t f i s h  were 
th e n  exposed fo r  6  weeks. M irex r e s id u e  in  b lood and b r a in  t i s s u e  
was 0 .283  and 0 .664  ppm, r e s p e c t i v e l y .  W ith in  8 weeks m irex  r e s id u e s  
had d e c rea se d  to  0 .007 ppm in  blood and to  0 .112  ppm in  b r a in .
A t h i r d  s tu d y  was conducted  in  which channe l c a t f i s h  were 
fed d i e t s  c o n ta i n in g  8 .7 8  and 12.19 ppm m irex . R es id u es  o f  0 .87  
ppm in  l i v e r ,  1 .81  ppm in  b r a i n ,  and 0 . 6 8  ppm in  m uscle  d e c l in e d  to
0 .4 8 ,  0 .7 6 ,  and 0 .35  ppm, r e s p e c t i v e l y  a f t e r  c e s s a t i o n  of t r e a t ­
ments w i th  no s i g n i f i c a n t  a ccu m u la tio n  in  e d ib l e  p o r t i o n s .
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Hawthorne e t  a l .  (1971) sampled 50 com m ercial c a t f i s h  ponds 
in  M i s s i s s i p p i  and A rk a n sa s .  TW enty-five  sam ples were c o l l e c t e d  from 
u n t r e a t e d  ponds and 25 from m i r e x - t r e a t e d  ponds . No m irex  was found 
in  any o f  th e  c a t f i s h  a n a ly z e d .
C o l l i n s  and D avis (1971) t r e a t e d  a 3 a c r e  pond w ith  m irex  a t  
th e  recommended f i e l d  r a t e  and r e l e a s e d  1 ,350 a d u l t  and 300 f i n g e r l i n g  
c a t f i s h .  F i f t y  a d u l t s  and 100 f i n g e r l i n g s  were c o n f in e d  t o  cag es  in  
th e  same pond. A com m ercial c a t f i s h  d i e t  was fed t o  caged f i s h  o n ly .  
A f te r  s i x  months t h e r e  was no m o r t a l i t y  in  e i t h e r  g roup , however, 
uncaged f i s h  accum ula ted  0 .65  ppm m irex  w hereas  caged f i s h  had no 
m irex  r e s i d u e s .  The a u th o r s  concluded  t h a t  m irex  was b e in g  con­
c e n t r a t e d  in  t h e  a q u a t i c  food c h a in .
O rg a n o ch lo r in e s  and B ird s  
The s i g n i f i c a n c e  o f  o rg a n o c h lo r in e  i n s e c t i c i d e s  t o  a v ia n  
r e p r o d u c t io n  and s u r v i v a l  has been rev iew ed  by Cramp e t  a l .  (1 9 6 4 ) ,  
Moore (1 9 6 5 ) ,  and l a t e r  by Robinson (1 9 6 9 ) ,  and P e a k a l l  (1 9 7 0 ) .
Long-term  d e c l i n e s  o f  some s p e c i e s ,  p a r t i c u l a r l y  r a p t o r s ,  
has p a r a l l e l e d  o rg a n o c h lo r in e  u sage  ( S t i c k e l  1968). D ec lin e  o f  
e a g l e s ,  p e r e g r in e  f a l c o n s ,  o s p re y s ,  and sparrowhawks in  th e  
U n ited  S t a t e s  has  been r e l a t e d  to  p e s t i c i d e  exposu re  (B ro ley  
1958, Hickey and Anderson 1968). L ik ew ise ,  Lockie  and R a t c l i f f  
(1964) i d e n t i f i e d  p e re g r in e  f a l c o n  d e c l i n e s  in  G rea t  B r i t a i n  
w i th  o rg a n o c h lo r in e  r e s id u e s  a s  d id  F yfe  e t  a l .  (1969) w i th  
p r a i r i e  f a lc o n s  in  Canada.
R ep ro d u c tiv e  f a i l u r e  has been r e l a t e d  to  o rg a n o c h lo r in e  
exposure  and i s  perhaps th e  most a la rm in g  a s p e c t  o f  c h ro n ic  
t o x i c i t y .  D e c l in in g  p o p u la t io n s  a r e  o f t e n  c h a r a c t e r i z e d  by 
reduced  egg p r o d u c t io n ,  e g g s h e l l  t h i n n i n g ,  egg b re a k a g e ,  d e c rea se d  
h a t c h a b i l i t y , and reduced  f l e d g l i n g  s u r v i v a l  (Vhirster 1969).
I n v e s t i g a t i o n s  have r e v e a le d  t h a t  e g g s h e l l  t h in n in g  and 
r e s u l t a n t  egg b reakage  may be d i r e c t l y  r e l a t e d  t o  o rg a n o c h lo r in e  
exposure  ( R a t c l i f f  1967). Hickey and Anderson (1968) a s s o c i a t e d  
r e d u c t io n  in  e g g s h e l l  th ic k n e s s  w i th  i n t e r f e r e n c e  in  ca lc iu m  
d e p o s i t i o n .  Bitman e t  a l .  (1969) su g g es ted  t h a t  o rg a n o c h lo r in e s  
may cau se  th in n in g  by (a )  s t i m u l a t i o n  o f  h e p a t i c  m icrosom al 
enzymes; (b) i n h i b i t i o n  o f  m e d u lla ry  bone d e p o s i t i o n ;  (c )  i n h i b i ­
t i o n  o f  th e  p a ra th y r o id  g la n d ;  (d ) th y ro id  i n h i b i t i o n ;  (e )  i n h i b i ­
t i o n  o f  c a lc iu m  a b s o r p t io n  from th e  g u t ;  ( f )  i n h i b i t i o n  of
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c a rb o n ic  an h y d rase  a c t i v i t y ,  and ; (g) p rem atu re  e x t r u s io n  o f 
eggs.
R a t c l i f f  (1970) r e p o r te d  a c a u s a l  r e l a t i o n s h i p  between 
e g g s h e l l  t h in n in g  and in c id e n c e  o f  egg b re a k ag e .  He a l s o  
su g g es ted  a d d i t i o n a l  mechanisms o f  e g g s h e l l  t h in n i n g .  Im p e r fe c t  
s t r u c t u a l  m a tu r a t io n  o f  th e  s h e l l  may cause  abnormal p igm enta­
t i o n  and th in n e r  eg g s .  A ls o ,  h u n t in g  a b i l i t y  (motor r e s p o n se s )  
o f  r a p t o r s  may be im pa ired  by i n s e c t i c i d e  exposu re  r e s u l t i n g  
in  l e s s  food in ta k e  and th u s  l e s s  t o t a l  d i e t a r y  c a lc iu m . 
A pprox im ate ly  60 p e rc e n t  o f  th e  ca lc iu m  u t i l i z e d  in  egg fo rm a tio n  
i s  o b ta in e d  from th e  d i e t  o f  b i r d s  ( P e a k a l l  1970).
F l e d g l in g  s u r v i v a l  i s  pe rhaps  a b e t t e r  measurement o f  the  
r e l a t i o n s h i p  o f  o rg a n o c h lo r in e  exposure  and e v e n tu a l  t o x i c i t y .
Koeman e t  a l .  (1967) a t t r i b u t e d  o rg a n o c h lo r in e  p o iso n in g  o f  
c h ic k s  to  y o lk  a b s o r p t io n  a f t e r  h a tc h in g .  R es id u es  no t a f f e c t i n g  
em bryonation  and h a tc h in g  may c o n c e n t r a t e  in  th e  y o lk  and r e s u l t  
in  f l e d g l i n g  m o r t a l i t y .
O rg a n o ch lo r in e s  and M alla rd s
Lehner and E gbert  (1969) fed m a l la rd  ducks r a t i o n s  c o n ta in in g  
1 .6 ,  4 ,  and 10 ppm d i e l d r i n .  There  was a s i g n i f i c a n t  d e c r e a s e  
in  e g g s h e l l  th ic k n e s s  a t  a l l  l e v e l s  t e s t e d .
D ie ta r y  DDE and DDD were a d m in is te r e d  to  m a l la rd s  a t  10 
and 40 ppm and DDT a t  25 ppm (Heath e t  a l .  1969). DDE im paired  
r e p r o d u c t io n  a t  b o th  l e v e l s .  T rea te d  ducks had 13 p e rc e n t  
t h in n e r  eggs th a n  c o n t r o l s ,  a h ig h e r  in c id e n c e  o f  egg b re a k ag e ,  
and a s  much as  75 p e rc e n t  d e c r e a s e  o f  d u c k l in g  p ro d u c t io n  per hen.
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E g g sh e l l  t h in n in g  was no t a s  pronounced w i th  DDD o r  DDT; however, 
DDT reduced  d u c k l in g  s u r v i v a l  by 35 p e r c e n t .
R a t io n s  c o n ta in in g  AO ppm £,£*-DDE and 100 ppm A ro c lo r  
1221 were fed  to  penned m a l la rd s  fo r  25 weeks (Balasubram aniam  
1971). R es id u es  accum ulated  in  th e  eggs a t  a p p ro x im a te ly  2 .5  
t im es t h a t  in  th e  d i e t .  S h e l l  th i c k n e s s  and egg w eigh t was 
s i g n i f i c a n t l y  reduced  in  th e  £ ,£ '-D D E t re a tm e n t  and s h e l l  w e ig h t ,  
c a lc iu m  c o n te n t  o f  th e  s h e l l ,  and egg p ro d u c t io n  was s i g n i f i c a n t l y  
d e c re a se d  in  bo th  t r e a tm e n t s .  N e i th e r  t r e a tm e n t  a f f e c t e d  egg 
volume, egg d e n s i t y ,  em bryona tion , h a t c h a b i l i t y , or d u c k l in g  
s u r v i v a l .
M irex and B ird s
S e v e ra l  s p e c ie s  o f  b i r d s  have been s u b je c te d  t o  m irex  in  
a c u te  t o x i c i t y  s t u d i e s .  Three and A month o ld  m a l la rd  males 
e x p e r ien c e d  m ild  a t a x i a  when fed 2,A00 ppm m irex  (Tucker and 
C ra b t re e  1970). R e g u r g i t a t io n  o ccu r red  a t  t h i s  l e v e l  bu t n o t  a t  
1 ,200 ppm. S t i c k e l  (1963) r e p o r te d  m o r t a l i t y  r a t e s  from 0 to  81 
p e rc e n t  in  m a l la rd s  fed 200, 500, and 1 ,000 ppm m irex .  P h easan ts  
and cow birds were a l s o  t e s t e d  a t  th e  same l e v e l s .  M o r t a l i t y  
ranged  from 0 to  89 p e rc e n t  in  p h e a sa n ts  and A2 t o  83 p e rc e n t  
i n  cow birds .
More e x te n s iv e  e v a lu a t io n s  o f  m irex  on b i r d s  have been 
conducted . Naber and Ware (1965) a t t r i b u t e d  re d u c in g  h a tc h in g  
and s u r v i v a l  r a t e s  in  th e  do m est ic  hen , G a l lu s  d o m e s t ic u s . to
h ig h  l e v e l s  o f  m irex  ex p o su re .  D ie ts  c o n ta in in g  300 and 600 
ppm were f e d  to  hens f o r  16 w eeks. O b se rv a t io n s  were o b ta in e d  
on egg p r o d u c t io n ,  food consum ption , body w e ig h t s ,  h a t c h a b i l i t y , 
and c h ic k  s u r v i v a l .  The on ly  v a r i a b l e  a f f e c t e d  by th e  lower 
l e v e l  was c h ic k  s u r v iv a l  w hich was 19 p e r c e n t  l e s s  th an  t h a t  
re c o rd e d  f o r  c o n t r o l  h e n s .  Egg p ro d u c t io n  and food consum ption 
were n o t  a l t e r e d  a t  e i t h e r  l e v e l .  Average body w e ig h t  d e c re a se  
45 gram s, h a t c h a b i l i t y  was reduced  by 83 p e r c e n t ,  and c h ic k  s u r ­
v i v a l  d e c re a se d  75 p e rc e n t  when hens were f e d  a  d i e t  c o n ta in in g  
600 ppm m irex .
Baker (1964) e v a lu a te d  th e  re sp o n se  o f  bobw hite  q u a i l ,
C o linus  v i r g i n i a n u 8 . to  m irex  in  f i e l d  and pen s t u d i e s .  In  
f i e l d  t e s t s ,  q u a i l  coveys were m on ito red  a f t e r  m irex was a p p l i e d  
a t  th e  r a t e  o f  10 pounds p e r  a c r e .  O b se rv a t io n s  were r e c o rd e d  
on q u a i l  housed  in  th e  s tu d y  a r e a  and c o l l e c t i o n s  of w i ld  specim ens 
were a l s o  made f o r  food h a b i t  a n a l y s i s .  The a u th o r  r e p o r te d  no 
damage t o  w i l d l i f e ,  v e ry  l i t t l e  i n g e s t i o n  o f  m irex  b a i t ,  and 
f a i l u r e  o f  b i r d s  to  develop  a  " t a s t e "  f o r  m irex  b a i t .
In  th e  second p o r t i o n  o f  th e  same s tu d y ,  8  p l o t s  were 
t r e a t e d  w i th  m irex .  TVo p l o t s  were in c lu d e d  in  each  o f 4 t r e a t ­
ments ( c o n t r o l ,  1 0 , 1 0 0  and 1 , 0 0 0  pounds of m irex  p e r  a c r e ) .
Three p e n s ,  c o n ta in in g  2 p a i r s  o f  q u a i l ,  were in t r o d u c e d  i n t o  
each  p l o t .  O b se rv a t io n s  on s u r v i v a l ,  f e r t i l i t y ,  and  h a t c h a b i l i t y  
were re c o rd e d .  Exposure to  m irex  caused  no t o x i c i t y  o r  m o r t a l i t y
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b u t  p e rc e n t  f e r t i l i t y  and h a t c h a b i l i t y  were i n v e r s e ly  r e l a t e d  
to  th e  r a t e  o f  e x p o su re .  There  was c o n s id e r a b le  v a r i a t i o n  among 
t r e a tm e n ts  w i th  a s u b s t a n t i a l  o v e r la p .  T h e re fo re ,  th e  a u th o r s  
concluded t h a t  m irex  had no d i r e c t  in f lu e n c e  on q u a i l  in  e i t h e r  
f i e l d  or pen s t u d i e s .
In  2 t e s t s  w i th  m irex  o r a l l y  a d m in is te r e d  a t  300 ppm, 
q u a i l  e x h ib i t e d  12 and 31 p e rc e n t  m o r t a l i t y  ( S t i c k e l  1963). 
J en k in s  (1963) r e p o r te d  no lo s s  o f  q u a i l  under s e m i - n a tu r a l  
c o n d i t io n s  when exposed to  m irex  a t  10  t im es  th e  recommended 
f i e l d  dosage .
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The E f f e c t  o f  M irex on L a b o ra to ry  R a ts  and Mice
The a c u te  o r a l  t o x i c i t y  o f  m irex  to  male w h ite  r a t s  i s
g iv en  by Spencer (1964) a s  306 mg/kg and f o r  fem ales  a s  600 
mg/kg. G aines and Kimbrough (1969) s tu d ie d  th e  t o x i c i t y  o f  m irex  
t o  Sherman s t r a i n  l a b o r a to r y  r a t s .  They a s s ig n e d  th e  s in g le - d o s e  
LD5 0  fo r  a d u l t  fem ales  a t  365 mg/kg and th e  90 -dose  LD5 0  (amount 
l e t h a l  to  507. in  90 days) a t  6 .0  mg/kg. T h e re fo re ,  th e  c h r o n i c i t y  
f a c t o r  ( s in g l e - d o s e  d iv id e d  by th e  90 -d o se )  was 6 0 .8  mg/kg. The 
h ig h e s t  dose a d m in is te r e d  w i th o u t  c l i n i c a l  symptoms was 50 ppm 
(3 .1  m g /k g /d a y ) . L iv e r s  o f  a d u l t  fem ales  fed  25 ppm m irex  fo r  
166 days d is p la y e d  m ic ro sco p ic  changes and were s i g n i f i c a n t l y  
l a r g e r  th a n  c o n t r o l s .
In  a second ex p e r im en t ,  male and fem ale  r a t s  fed 25 ppm
m irex  were b red  to  u n t r e a t e d  r a t s  a f t e r  45 and 102 days of
ex p o su re .  U n tre a te d  fem ales  b red  to  t r e a t e d  m ales  produced 
norm al, h e a l th y  l i t t e r s .  However, t r e a t e d  fem ales  b red  to  
u n t r e a t e d  m ales  produced a s i g n i f i c a n t  d e c r e a s e  in  th e  number 
o f  o f f s p r i n g ,  and a l s o  e x h ib i t e d  a d e c r e a s e  in  p e rc e n t  s u r v i v a l  
to  w eaning. T h i r t y - t h r e e  p e rc e n t  o f  th e  o f f s p r i n g  o f  th e  f i r s t  
group (45 days o f  exposure)  and 4 6 .2  p e rc e n t  from th e  second 
group ( 1 0 2  days o f  exposu re)  developed  c a t a r a c t s  b e fo re  w eaning.
Three i n s e c t i c i d e s  were e v a lu a te d  on r e p r o d u c t io n  in  th e  
l a b o r a to r y  mouse (Mare and Good 1967). In  p re l im in a ry  t e s t s  m irex
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was a d m in is te r e d  o r a l l y  to  mice a t  5 ,  10, 50 , and 250 ppm. Complete 
m o r t a l i t y  r e s u l t e d  w i th in  60 days a t  a l l  b u t  th e  f i r s t  c o n c e n t r a t i o n .  
R e s u l t s  a t  5 ppm were s i m i l a r  t o  c o n t r o l s  and f u r t h e r  t e s t s  were 
conducted  a t  t h i s  l e v e l .  E xperim ents  w i th  BALB/c s t r a i n s  a t  
5 ppm m irex  r e s u l t e d  in  th e  h ig h e s t  a d u l t  m o r t a l i t y  and low est 
f e c u n d i ty  when compared t o  t e l o d r i n  (1 ppm) and DDT (7 ppm).
A second t e s t  was perform ed w i th  BALB/c and CFW s t r a i n s .  M irex 
fed  a t  5 ppm to  th e  BALB/c s t r a i n  r e s u l t e d  in  d e c re a se d  a d u l t  
s u r v i v a l ,  s m a l l e s t  f i r s t  l i t t e r s ,  and s m a l l e s t  l i t t e r s  th ro u g h o u t  
th e  t e s t s .  As a r e s u l t  t h i s  s t r a i n  had t h e  low est o f f s p r i n g  
p ro d u c t io n  p e r  day . The CFW s t r a i n  e x h ib i t e d  no a d u l t  m o r t a l i t y  
b u t  had a s i g n i f i c a n t  d e c r e a s e  in  th e  number o f  young per p ro d u c in g  
p a i r .  I n  a l l  i n s t a n c e s  m irex  fed  a t  5 ppm r e s u l t e d  in  reduced  
l i t t e r  s i z e  and number o f  o f f s p r i n g  produced per  day.
M irex was a d m in is te r e d  o r a l l y  to  mice a t  10 m g/kg/day 
( In n e s  1969). M irex induced l i v e r  tumors (hepatom as) in  30 ou t o f  
65 m ice a u to p s ie d  a f t e r  59 and 70 weeks o f  m irex  ex p o su re .
Mice fed 90 ppm in  d i e t  d em o n stra ted  no pa th o lo g y  a f t e r  7 
days and r a t s  a d m in is te r e d  m irex  d is p la y e d  no symptoms a t  1 0 ,
25 and 50 ppm (Matthews 1971).
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A ccum ulation  o f  O rg a n o ch lo r in e s  in  P r e d a to r  Food Chains
Movement o f  o rg a n o c h lo r in e  i n s e c t i c i d e s  w i th in  b i o t i c  
system s and su b seq u en t c o n c e n t r a t i o n  in  th e  h ie r a r c h y  o f  food 
c h a in s  had been w e l l  documented (B arke r  1958, Hunt 1960, Moore 
and Walker 1964, K e i th  1966, Cope 1971).
A cco rd ing  to  Odum (1959) t r a n s f e r  o f  energy  th ro u g h  p r o ­
g r e s s i v e l y  h ig h e r  t r o p h i c  l e v e l s  c h a r a c t e r i z e s  p r e d a to r  food 
c h a in s .  A l le e  e t  a l .  (1 9 4 9 ) , however, s t r e s s e d  th e  r a r i t y  o f  food 
c h a in s  a s  i s o l a t e d  e n t i t l e s .  I n s t e a d ,  s e v e r a l  c h a in s  a r e  i n t e r ­
connec ted  i n t o  complex webs which may encompass e n t i r e  e cosys tem s. 
N e v e r th e le s s ,  c h a in s ,  o r  webs, o r i g i n a t e  in  p h o to s y n th e t ic  or 
c h em o sy n th e tic  p l a n t s  and proceed  s e q u e n t i a l l y  th ro u g h  h e rb iv o re s  
and u l t i m a t e l y  t o  c a r n iv o r e s .  Thus, c a r n iv o r e s  u s u a l l y  c o n c e n t r a t e  
g r e a t e r  amounts o f  p e s t i c i d e s  th a n  do h e r b iv o r e s .  Hunt (1966) 
r e l a t e d  th e  acc u m u la t io n  o f  i n s e c t i c i d e s  to  th e  i n i t i a l  amount 
in g e s t e d ,  th e  d u r a t i o n  o f  e x p o su re ,  an  a n i m a l 's  p e s t i c i d e - s t o r a g e  
c a p a c i t y ,  and th e  r a t e  o f  d e t o x i f i c a t i o n  and e x c r e t io n .
Tremendous b io m a g n i f ic a t io n  may o c c u r .  Hunt and B isc h o f f  
(1960) r e p o r te d  a c l a s s i c  example o f b i o l o g i c a l  c o n c e n t r a t i o n  a t  
C le a r  Lake, C a l i f o r n i a .  DDD was a p p l i e d  to  th e  la k e  fo r  g na t 
c o n t r o l  and su b seq u en t l e v e l s  in  p la n k to n  ( 1 0  ppm), c a rn iv o ro u s  
f i s h  (2 ,6 9 0  ppm), and in  f i s h  e a t i n g  b i r d s  (2 ,1 3 4  ppm) r e p r e s e n te d  
in c r e a s e s  o f  500, 130 ,000 , and 100,000 t im es  r e s p e c t i v e l y  t h a t  
found in  th e  w a te r  d i r e c t l y  a f t e r  t r e a tm e n t  (0 .0 2  ppm). S im i l a r ,
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b u t  l e s s  pronounced , In s ta n c e s  were re c o rd ed  by Hunt and K e ith  
(1963) a f t e r  toxaphene a p p l i c a t i o n  to  Big Bear Lake, C a l i f o r n i a  
and by tfoodwell e t  a l .  (1967) a t t e n d i n g  DDT exposure  to  an e s tu a r y  
in  Long I s l a n d ,  New York.
M irex in  Food Chains
Lowe e t  a l .  (1 9 7 1 ) , in  c o n t r o l l e d  s t u d i e s ,  e s t a b l i s h e d  
t h a t  m irex  can  be t r a n s f e r r e d  in  s im p le ,  2 - l e v e l  food c h a in s .
Shrimp were fed  1 p a r t i c l e  o f  m irex  b a i t  each . F i f t y  p e rc e n t  
su b se q u e n t ly  d i e d ,  were f r o z e n ,  and l a t e r  fed  to  j u v e n i l e  b lu e  
c r a b s .  A l l  o f  th e  c ra b s  d ie d  w i th in  14 d a y s .  No m o r t a l i t y  was
in c u r re d  by c ra b s  fed uncon tam inated  shrim p. M irex r e s id u e s
averaged  1 . 1  ppm in  shrim p and 0 .16  ppm in  c r a b s .
I n  a second exper im en t 3 j u v e n i l e  c ra b s  were fed  sm all
f i s h  c o n ta in in g  an av e rag e  o f  1 .0  ppm m irex . Three c ra b s  l a t e r
e x h ib i t e d  t o x i c  symptoms o r  d ie d .  They c o n ta in e d  0 .1 3 ,  0 .2 3 ,  and
0 .25  ppm m irex .  The o th e r  2 c ra b s  had 1 .0  and 0 .13  ppm m irex  
when a n a ly z e d .
Movement o f  m irex  w i th in  an ecosys tem  was r e p o r te d  by Duke 
(1971) . M irex was a p p l ie d  a t  th e  recommended r a t e  to  a r e a s  
a d ja c e n t  t o  a South C a ro l in a  m arsh . P r e t r e a tm e n t  sam ples r e v e a le d  
no m irex  e x cep t  in  m ig r a to r y  b i r d s .  Subsequent a p p ea ran ce  o f m irex  
in  c r a b s ,  sh rim p, and f i s h  (0 - 8 .2  ppm), in  b i r d s  (0 - 17 .0  ppm), 
and racco o n s  (0 - 4 .4  ppm) e s t a b l i s h e d  t h a t  m irex  i s  b io c o n c e n t r a te d  
in  food c h a in s .  However, no mass m o r t a l i t i e s  were o b se rv ed .
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In  o rd e r  t o  e v a lu a t e  th e  en v iro n m en ta l  im pact o f  th e  f i r e  
a n t  program , G lancey e t  a l .  (1969) m onito red  w i l d l i f e  p o p u la t io n s  
b e fo re  and a f t e r  3 m irex  t r e a tm e n ts  (1 .2 5  pounds o f  m irex  b a i t  
p e r  a c r e  p e r  t r e a t m e n t ) .  They concluded  t h a t  t h e r e  was no marked 
change in  an im a l p o p u la t io n s  ex ce p t  to  s e v e r a l  s p e c ie s  o f  a n t s .  
M arkin (1971) s i m i l a r l y  i n v e s t i g a t e d  p r e t r e a tm e n t  and p o s t - t r e a t ­
ment p o p u la t io n  l e v e l s  on Cat I s l a n d ,  M i s s i s s i p p i .  There  was no 
d e t e c t a b l e  a l t e r a t i o n  in  p o p u la t io n  d e n s i t i e s  o r  s t r u c t u r e s  up 
to  1 y ea r  a f t e r  th e  f i r s t  a p p l i c a t i o n .  However, c ra b  and shrimp 
p o p u la t io n s  in  an  i s o l a t e d  pond e x p re ssed  s u b s t a n t i a l  r e d u c t io n s  
t h a t  were c o n s id e re d  a t y p i c a l .
METHODS AND MATERIALS
R esidue  A n a ly s is  
A na lyses  fo r  m irex  r e s id u e s  were conducted  on w a te r ,  s o i l ,  
p l a n t s ,  eg g s ,  and an im al t i s s u e .  E x t r a c t i o n ,  c l e a n - u p ,  and c o n f i r ­
m a tio n  fo llow ed  th e  m ethodology o f  th e  U nited  S t a t e s  Food and Drug 
A d m in is t r a t io n  ( P e s t i c i d e  A n a l y t i c a l  Manual Vol. 1 ) .  P rocedures  
and m a t e r i a l s  used  in  r e s id u e  a n a ly s e s  were s i m i l a r  t o  th o se  
d e s c r ib e d  by Fowler (1970) and Balasubramaniam (1971).
The fo l lo w in g  r e a g e n ts  were u sed :
P e tro leum  e t h e r  - p e s t i c i d e  q u a l i t y ;  M atheson, Coleman, 
and B e l l .
Sodium s u l f a t e  - an h y d ro u s ,  g r a n u l a r ,  r e a g e n t  g rad e .  
E th y l  e t h e r  - r e d i s t i l l e d .
A c e t o n i t r i l e  - r e d i s t i l l e d .
E th y l  a l c o h o l  - 95 p e r c e n t .
F l o r i s i l  - F lo r id a n  Company, T a l l a h a s s e e ,  F l o r i d a ,  
a c t i v a t e d  a t  649°C, (60-100  mesh) and s to r e d  a t  
130°C.
Egg A n a ly s is
Egg sam ples were c lean ed  and e x t r a c t e d  u s in g  th e  method d e s ­
c r ib e d  by Cummings e t  a l .  (1966) w i th  th e s e  m o d i f i c a t i o n s :
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1. Two gram samples o f  b lended  eggs were u sed .
2 . Samples were ground in  m o r ta r s  u s in g  g l a s s  p e s t l e s .
3 . E lu a n ts  were c o l l e c t e d  in  400 ml b eak e rs  and e v ap o ra te d  
in  a w a te r  b a th .
4 . A 6 p e rc e n t  e t h y l  e th e r - p e t r o le u m  e th e r  s o l u t i o n  was 
u s e d .
5 . The f i n a l  volume o f e lu a n t  was a d ju s t e d  t o  a lg /m l 
c o n c e n t r a t io n  f o r  i n j e c t i o n  i n to  a gas chrom atograph .
T is s u e  A n a ly s is
The fo l lo w in g  p ro ced u re  was used  in  d e te r m in a t io n  o f  m irex  
r e s id u e s  in  t i s s u e s :
1. Grind 25 gm sample w i th  100 gm anhydrous sodium 
s u l f a t e .
2. T r a n s f e r  m ix tu re  to  c e n t r i f u g e  b o t t l e s  w i th  100 ml 
pe tro leu m  e t h e r ,  shake w i th  m echan ica l sh ak e r  f o r  30 
m in u te s  and c e n t r i f u g e  f o r  5 m in u te s  a t  1500 rpm.
3. F i l t e r  s o lv e n t  th ro u g h  sodium s u l f a t e ,  add 50 ml o f 
p e tro leum  e th e r  and r e p e a t  c e n t r i f u g e .  R epea t fo r  a 
t o t a l  o f  3 t im e s .
4 .  E vapora te  in  w a te r  b a th  t o  a p p ro x im a te ly  25 m l.
5 . T r a n s fe r  10 ml sample (2 gm i f  f a t )  i n t o  125 ml 
s e p a r a to r y  fu n n e ls  and in c r e a s e  to  15 ml w i th  
pe tro leu m  e t h e r .
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6 . Add 30 ml o f  a c e t o n i t r l l e  s a t u r a t e d  w i th  p e tro leu m  
e t h e r ,  shake fo r  1 m in u te  and t r a n s f e r  lower la y e r  
i n t o  1 , 0 0 0  ml s e p a r a to r y  fu n n e ls  c o n ta in in g  600 ml 
o f  a 27. NaCl s o l u t i o n  p lu s  100 ml p e tro le u m  e t h e r .  
R epea t 4 t im e s .
7. Shake s o l u t i o n  fo r  1 m inu te  th e n  draw o f f  bottom  la y e r  
i n t o  a n o th e r  s e t  o f  1 , 0 0 0  ml s e p a r a to r y  fu n n e ls  con­
t a i n i n g  100 ml p e tro le u m  e t h e r .  Shake th e s e  fo r  1 
m inu te  and d i s c a r d  bottom  l a y e r .
8 . Combine bo th  e x t r a c t s ,  add 100 ml o f  d i s t i l l e d  w a te r  
and shake g e n t ly  f o r  1 m in u te .  D isca rd  lower l a y e r  
and r e p e a t .
9 . F i l t e r  th ro u g h  sodium s u l f a t e  i n t o  400 ml beake r  and 
e v a p o ra te  in  w a te r  b a th .
10. T r a n s f e r  sample to  f l o r i s i l  tu b es  packed w ith  4" 
f l o r i s i l  and V  sodium s u l f a t e .
11. E lu te  w i th  200 ml o f  a 67. e th y l  e th e r - p e t r o le u m  e t h e r  
s o l u t i o n .
12. E v ap o ra te  in  w a te r  b a th  t o  10 ml and f i l t e r  th rough  
sodium s u l f a t e .  E v ap o ra te  t o  5 ml f o r  gas chrom ato­
g ra p h ic  i n j e c t i o n .
A f l o r i s i l  r e c o v e ry  s ta n d a rd  and r e a g e n t  b la n k  were in c lu d ed  
w i th  each  s e r i e s  o f  sam ples to  d e te rm in e  th e  p e rc e n t  re c o v e ry  and 
to  m o n ito r  s o lv e n t  i n t e r f e r e n c e .
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A erograph  P e s t i l i z e r  Models 680 and 682 gas chrom atographs 
em ploying e l e c t r o n  c a p tu r e  d e t e c t o r s  were used  f o r  r e s i d u e  a n a l y s i s .  
I n j e c t i o n s  o f  1 t o  5 u l  were made depend ing  upon th e  amount o f  
r e s id u e  d e t e c t e d .  A Hamilton 10 u l  s y r in g e  (No. 701) was used 
fo r  making i n j e c t i o n s .  M irex s ta n d a rd s  were i n j e c t e d  w i th  each  
s e t  to  d e te rm in e  e l u t i o n  t im e . The minimum d e t e c t a b l e  amount 
was 0 .01  ppm in  t i s s u e  and 0 .05  ppm in  f a t .
C a l c u l a t io n s  were made by d i r e c t  l i n e a r  com parisons  w i th  
s i m i l a r  peaks o f  known v a lu e .
Random sam ples were chosen  f o r  c o n f i rm a to ry  a n a l y s i s .  Thin 
la y e r  chrom atography a s  d e s c r ib e d  by Damaska (1964) was used  fo r  
q u a l i t a t i v e  co m parisons .
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Crawfish Study
The r o l e  o f  m irex  In  r l c e - c r a w f l s h  p ro d u c t io n  was I n v e s t i g a t e d  
a t  th e  R ice  E xperim ent S t a t i o n ,  C rowley, L o u is ia n a  d u r in g  1971 and 
1972. The s tu d y  was d e s ig n ed  to  ad h e re  a s  c l o s e l y  a s  p o s s i b l e  to  
normal r i c e - c r a w f i s h  fa rm ing  p r a c t i c e s  a s  d e s c r ib e d  by H i l l  and 
C ancienne (1963) and Thomas (1963) .
Twenty e x p e r im e n ta l  p l o t s ,  25 X 8 8  f e e t  (0 .053  a c r e ) ,  were 
e s t a b l i s h e d  on land p la n te d  to  r i c e  t h e  p re-’io u s  y e a r .  Ten p l o t s  
were lo c a te d  on each s id e  o f  a c e n t r a l  d ra in a g e  l a t e r a l .  C ondu its  
were a r ra n g e d  so t h a t  p l o t s  cou ld  be f lo o d ed  and d ra in e d  s e p a r a t e l y ,  
th e re b y  m in im iz in g  c r o s s - c o n ta im in a t io n .  Each p l o t  was bo rdered  
by s ta n d a rd  e a r th e n  le v e e s  a p p ro x im a te ly  5 f e e t  a c r o s s  a t  th e  b a se .
P lo t s  were randomly a s s ig n e d  t o  1 o f  4 t r e a tm e n t s :  (1) approved
r i c e  i n s e c t i c i d e s ,  m a la th io n  and c a r b o fu ra n  ( F u r a d a n ® ) ; (2) m irex ;
(3) m irex  in  c o n ju n c t io n  w i th  m a la th io n  and c a r b o fu ra n ,  and ; (4) un ­
t r e a t e d  c o n t r o l .
P lo t s  were seeded  w i th  S a tu rn  (Lot 2) fo u n d a t io n  r i c e  and 
f e r t i l i z e d  w i th  16-8-8  (pounds o f  n i t r o g e n ,  phosphorus , and 
p o ta ss iu m  p e r  a c r e ) .  P r o p a n i l  was a p p l i e d  a s  a h e r b i c i d e ;  c a p ta n  
a s  a f u n g ic id e ;  c a rb o fu ra n  t o  c o n t r o l  th e  r i c e  w a te r  w e e v i l ,  
L i s s o rp h o p t ru s  o ry z o p h i lu s  K usche l;  and m a la th io n  t o  combat th e  
r i c e  s t i n k  bug, O ebalus pugnax ( F ) . Three a p p l i c a t i o n s  o f  m irex  
were a p p l ie d  a p p ro x im a te ly  90 days a p a r t .  A p p l i c a t io n  r a t e s ,  
m e thods, and d a te s  f o r  a l l  m a t e r i a l s  a r e  g iven  in  Table  1.
Table 1 . M ateria ls used In r ice -c r a w fish  study.
M a te r ia l
Date o f  - , 
A p p l ic a t io n  —
Rate o f  
A p p l ic a t io n  —
Method of 
A p p l ic a t io n
S a tu rn  (Lot 2) r i c e A p r i l  20 1 0 1 . 0  l b s / a c r e D r i l l  p la n te d
F e r t i l i z e r  (1 6 -8 -8 ) A p r i l  20 525.0  l b s / a c r e A e r ia l
Captan A p r i l  20 3 .3  & Seed t re a tm e n t
P ro p a n i l May 26 3 .0  l b s / a c r e A e r ia l
C arbofuran June 4 0 .5  l b s / a c r e B roadcas t  (37. g ra n u le s )
M ala th ion August 2 0 .5  l b s / a c r e P r e s s u r i z e d  sp ray
Mirex June 15 1 .7  g /a c r e B roadcas t
Mirex O ctober 21 1 .7  g /a c r e B roadcas t
Mirex 4 /Jan u a ry  24 ~ 1.7  g /a c r e B roadcas t
A p p l ic a t io n s  d u r in g  1971 u n le s s  i n d ic a te d  o th e rw is e .  
U  Rates f o r  chem ica ls  g iv en  in  a c t u a l  m a te r i a l  a p p l i e d .  
—t Ounces p e r  100 pounds o f  seed .  
y  1972.
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To p re v e n t  c ra w f ish  d i s p e r s a l ,  a 3 f o o t ,  14 mesh aluminum 
sc re e n  fence  was e r e c t e d  around each  p l o t .  The fen ce  was a l s o  
e n tre n ch e d  a p p ro x im a te ly  6  in ch es  below th e  lev ee  s u r f a c e  to  
r e t a r d  sh a l lo w  burrow ing  from p l o t  to  p l o t .
A l l  p l o t s  were  f lu s h e d  on A p r i l  30 and a g a in  on May 18 to  
s t im u la t e  seed  g e rm in a t io n  and grow th . They were s u b se q u e n t ly  
flooded  on June 1 a t  which tim e 50 p a i r s  o f  brood c ra w f is h  w ere
in tro d u c e d  i n t o  each  p l o t .  The c r a w f i s h ,  which were dona ted  by
Mr. M ar tin  Koch, commercial c ra w f is h  farm er o f  P laquem ine ,
L o u is ia n a ,  av erag ed  17.5 grams each  and th e  s to c k in g  r a t e  was 
a p p ro x im a te ly  80 pounds per a c r e .  The a re a  from which th e  craw ­
f i s h  were a c q u i r e d  had no p re v io u s  h i s t o r y  o f  m irex  usage .
R ice  was combine h a rv e s te d  on August 26 and s t r a w  was l e f t  
in  th e  f i e l d  a s  a food so u rce  f o r  th e  c ra w f is h .  A l l  p l o t s  were 
a g a in  f looded  on O ctober 21 and m a in ta in ed  w ith  ab o u t 6 " - 8 " 
o f  w a te r  u n t i l  te r m in a t io n  o f th e  s tu d y  on March 3 , 1972. Tab le  2 
g iv e s  a summary o f  p r a c t i c e s  used in  r i c e - c r a w f i s h  p ro d u c t io n .
H arves t
To d e te rm in e  p ro d u c t io n  from each p l o t ,  c ra w f ish  were 
h a rv e s te d  d u r in g  F eb ru a ry  and March, 1972. A l l  p l o t s  were sampled 
an eq u a l  number o f  t im e s .  C y l i n d r i c a l  fu n n e l-c o n e  t r a p s  and
co n m erc ia l  l i f t  n e t s  were u sed . Nets were found to  be more e f f i c i e n t
and were t h e r e f o r e  used fo r  th e  b u lk  o f  c o l l e c t i n g .  Beef p an creas
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T able  2 .  D ates o f  p ro d u c t io n  p r a c t i c e s  i n  r i c e - c r a w f i s h  s tu d y .
P rocedure Date
Rice p la n te d A p r i l  2 0 ,  1971
P l o t s  f lu s h e d A p r i l  30 and May 18 , 1971
P l o t s  f lo o d e d June 1 , 1971
C raw fish  s to c k e d June 11 , 1971
P l o t s  d ra in e d August 19, 1971
Rice h a r v e s te d August 26 , 1971
P lo t s  r e f lo o d e d O ctober 21 ,  1971
C raw fish  h a rv e s te d F eb ru a ry  10 -  March 30 , 1972
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or "m e lt"  was used e x c lu s iv e ly  to  b a i t  th e  n e t s .  The number and 
w e ig h t  o f  c ra w f is h  h a rv e s te d  from each  p lo t  was r e c o rd e d .
Over 2 ,500  c ra w f is h  were sexed d u r in g  a 2-week p e r io d  to  
d e te rm in e  any d i f f e r e n t i a l  m o r t a l i t y .  A l l  p l o t s  were sampled 5 
t im es and c r a w f i s h  were sexed a c c o rd in g  to  s t r u c t u r a l  c h a r a c t e r i s t i c s  
o f  th e  f i r s t  p leopods (swimmerets) a s  d e s c r ib e d  by Penn (1959).
S ize
C raw fish  c o l l e c t e d  on F eb ru a ry  6 and F eb ru a ry  20, 1972 were 
measured to  d e t e c t  any d i f f e r e n c e s  in  s i z e s  due to  t r e a tm e n t s .
Length was d e te rm ined  by m easu ring  th e  c a ra p a c e  ( c e p h a lo th o r a x ) , 
in  m i l l i m e t e r s ,  a lo n g  th e  m id - d o rs a l  l i n e  from th e  a n t e r i o r  t i p  o f  
th e  ro s t ru m  t o  th e  p o s t e r i o r  edge o f  th e  c a ra p a c e .  A ccord ing  to  
Van D even ter  (1937) and Penn (1943) th e  c a ra p a c e  c o n s t i t u t e s  
a p p ro x im a te ly  o n e - h a l f  o f  t o t a l  c ra w f is h  le n g th .
R esidues
C raw fish  were sampled on August 19, J an u a ry  10, and March 16 
fo r  m irex  r e s i d u e s .  C o l l e c t i o n s  o f  a t  l e a s t  20 c ra w f ish  from each  
t r e a tm e n t  were made a f t e r  th e  f i r s t  2 m irex  a p p l i c a t i o n s .  A f te r  
th e  t h i r d  a p p l i c a t i o n ,  a p p ro x im a te ly  2 0  c ra w f ish  from each p l o t  in  
each  t r e a tm e n t  were an a ly zed  fo r  m irex .  R es idue  a n a ly s e s  on craw ­
f i s h  were conducted  a s  p re v io u s ly  d is c u s s e d  b u t  on a whole-body 
b a s i s .
O ther sam ples s u b je c te d  to  r e s id u e  a n a l y s i s  in c lu d ed  s o i l
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and w a te r  w hich were c o l l e c t e d  p r i o r  t o  m irex  a p p l i c a t i o n  and a l s o  
a f t e r  t e r m in a t io n  o f th e  s tu d y .  R ice  g r a in  was c o l l e c t e d  a t  
h a r v e s t  and pooled  by t r e a tm e n t .  F i s h ,  s n a k e s ,  and t u r t l e s  found 
in  some o f  th e  p l o t s  were a l s o  sampled to  c’e te rm in e  any m irex  b i o ­
m a g n i f i c a t io n .
S t a t i s t i c a l  A n a ly s is
D i f f e r e n c e s  due to  t r e a tm e n t  on c r a w f i s h  number, w e ig h t ,  
p e rc e n t  m a le s ,  and r e s id u e  were de te rm in ed  by u s in g  th e  c o m p le te ly  
randomized a n a l y s i s  o f  v a r i a n c e .  O rthogona l com parisons and 
c o r r e l a t i o n  c o e f f i c i e n t s  were a l s o  perform ed .
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C a tfish  Study
I n  c o o p e r a t io n  w i th  th e  L o u is ia n a  Wild L i f e  and F i s h e r i e s  
Commission, 8  ponds a t  Beechwood F is h  H a tc h e r i e s ,  LeCompte, L o u is ia n a  
were used  to  d e te rm in e  th e  in f l u e n c e  o f  m irex  on pond r e a re d  
c h an n e l  c a t f i s h .  Seven ponds were 28 X 50 f e e t  (0 .0 3  a c r e )  and 1 
was 55 X 91 f e e t  (0 .1 1  a c r e ) .  A l l  ponds a v erag ed  3 f e e t  in  d e p th .
F i n g e r l i n g  c a t f i s h  (1 8 .4  gm a v e rag e  w e ig h t  per  f i s h )  were 
dona ted  by Mr. R. L. S to u t ,  com m ercial f i s h  fa rm er o f  G onzales ,  
L o u is ia n a  and t r a n s p o r t e d  to  th e  s tu d y  a r e a  in  ta n k s  equ ipped  w i th  
a g i t a t o r s .  D uring sh ipm ent th e  w a te r  was t r e a t e d  w i th  a c r i f l a v i n e  
a t  5 ppm a s  a b a c t e r i c i d e  and fo rm a l in  was a p p l i e d  a t  150 ppm j u s t  
p r i o r  t o  s to c k in g  t o  k i l l  e x t e r n a l  p a r a s i t e s .  No m o r t a l i t y  was 
in c u r re d  d u r in g  t r a n s p o r t ,  however, s u r p lu s  f i s h  were h e ld  in  
c o n c r e te  h o ld in g  ta n k s  and used  to  r e p l a c e  any dead f i s h  f o r  2 
w eeks. The s to c k in g  r a t e  was 2 ,000  c a t f i s h  per a c r e .
T e rram yc in , a l s o  a b a c t e r i c i d e ,  was fed  t o  th e  f i s h  fo r  1 
week a f t e r  r e l e a s e  ( i n  Rex 32% f i s h  f e e d ) .  T h e r e a f t e r  th e  f i s h  
were fed  s ta n d a rd  commercial f i s h  food a t  47. o f  t h e i r  body w eigh t 
pe r  day . L o u is ia n a  Wild L i f e  and F i s h e r i e s  p e rso n n e l  fed  th e  f i s h  
d a i l y  and m a in ta in ed  p ro p e r  w a te r  and oxygen c o n d i t io n s  in  th e  ponds.
M irex b a i t  a t  1.25 l b s / a c r e  was a p p l i e d  on J u ly  8 and 
O ctober 23, 1971 and on F eb ru a ry  9 , 1972. Four ponds were s e l e c t e d  
fo r  t r e a tm e n t  and th e  o th e r  4 se rv ed  a s  u n t r e a t e d  c o n t r o l s .
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Data C o l l e c t i o n
C a t f i s h  were c o l l e c t e d  on O ctober 2 , 1971 and on F e b ru a ry  9 , 
1972. At l e a s t  2 f i s h  were o b ta in e d  from each  pond by s e i n i n g .  
Lengths  and w e ig h ts  were r e c o rd e d .  On A p r i l  26, 1972 a l l  ponds 
were d ra in e d  and c a t f i s h  c o l l e c t e d ,  m easured , w eighed , and p e r c e n t  
s u r v i v a l  c a l c u l a t e d .
A lthough  on ly  c a t f i s h  were s to c k e d ,  a c o n s id e r a b le  p o p u la t io n  
o f  bream, Lepomis s p p . , became e s t a b l i s h e d .  T h e r e f o r e ,  w e ig h ts  
were de te rm in ed  f o r  bream on each  c o l l e c t i o n  d a t e .
R es idue  A n a ly s is
C a t f i s h  and bream were pooled by t r e a tm e n t  f o r  b o th  th e  
O ctober and F eb ru a ry  c o l l e c t i o n s  fo r  r e s id u e  a n a l y s i s .  A sample o f  
10 c a t f i s h  and bream from each  pond was c o l l e c t e d  in  A p r i l  and 
a n a ly z e d .
C a t f i s h  were sk in n ed  and m uscle  ( e n t i r e  e d ib l e  p o r t i o n ) ,  
f a t ,  and eggs (when p r e s e n t )  were pooled  f o r  r e s id u e  d e te r m in a t io n .  
C a t f i s h  m uscle  and whole bream were ground in  a H obart meat g r in d e r  
and f ro z e n  u n t i l  a n a l y s i s .  F a t  was ground in  a m o r ta r  w i th  
anhydrous sodium s u l f a t e  and an a ly z e d  a s  p r e v io u s ly  i n d i c a t e d .
Eggs were b lended  in  a Waring b le n d e r  and a 2 gm a l i q u o t  a n a ly z e d .
S t a t i s t i c a l  A n a ly s is
C om pletely  randomized a n a l y s i s  o f  v a r ia n c e  was perform ed on 
p e rc e n t  s u r v i v a l ,  w e ig h t ,  l e n g th ,  and m irex  r e s id u e  o f  c a t f i s h .  
C o r r e l a t i o n  c o e f f i c i e n t s  were a l s o  o b ta in e d .
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M allard Study
A c o o p e r a t iv e  s tu d y  w i th  th e  L o u is ia n a  S t a t e  U n iv e r s i ty  
P o u l t ry  S c ien ce  D epartm ent c o n ce rn in g  th e  e f f e c t  o f  m irex  on 
m a l la rd  r e p r o d u c t io n  commenced on November 2 , 1971 and c o n t in u ed  
fo r  25 weeks.
M alla rd  ducks wi *e co n f in ed  to  covered  pens and prov ided  
w a te r  and food ad  ̂ l i b i t u m . E x p e r im en ta l  ducks were th e  t h i r d  
g e n e r a t io n  progeny o f  w ild  m a l la rd s  and i n d i s t i n g u i s h a b l e  from th e  
w ild  form. F iv e  fem ales  and 2 m ales were p laced  in  pens m easu ring  
8  X 10 f e e t .  Pens were a s s ig n e d  to  1 o f  3 t r e a tm e n ts  (1 ppm 
m irex ,  1 0 0  ppm m ire x ,  and u n t r e a t e d  c o n t r o l )  and were r e p l i c a t e d  
6  t im e s .
M irex b a i t  was in c o rp o ra te d  i n t o  a b re e d e r  r a t i o n  on a 
w e ig h t  to  w e ig h t  b a s i s  by m e c h a n ic a l ly  s t i r r i n g  fo r  2 0  m in u te s .
The co m p o si t io n  o f  th e  r a t i o n  and th e  v i ta m in  premix i s  p re s e n te d  
in  T ab les  3 and 4 ,  r e s p e c t i v e l y .
Egg P ro d u c t io n
Eggs were c o l l e c t e d  from th e  o n se t  o f  la y in g  (Jan u a ry  30) 
and c o n t in u e d  fo r  8  w eeks. The t o t a l  number o f  eggs pe r  pen and 
p e r  t r e a tm e n t  was re c o rd e d .
E g g s h e l l  T h ickness
A t o t a l  o f  969 eggs were c o l l e c t e d  from Jan u a ry  30 to  
F eb ru a ry  20 (1 3 th  th rough  16th week o f  f e e d in g ) ,  and from March 7
36
T ab le  3 .  Layer r a t i o n  u t i l i z e d  by L o u is ia n a  S t a t e  U n iv e r s i ty  
P o u l t r y  S c ien ce  D epartm ent A/
I n g r e d i e n t % o f  R a t io n  ( w t . )
Ground y e llo w  co rn 46 .25
Soybean m ea l ,  50% 16.00
P u lv e r iz e d  o a ts 2 0 . 0 0
S t a b i l i z e d  an im al f a t 3 .0 0
F is h  m ea l ,  60% 3 .0 0
A l f a l f a  m ea l ,  177. 3 .0 0
D ica lc ium  phosphate 2 . 0 0
O y ste r  s h e l l  f l o u r 5 .5 0
S a l t 0 .25
V itam in  premix (L ayer) 0 .5 0
M in e ra l  premix 0 .5 0
T o ta l 1 0 0 . 0
A/ C a lc u la te d  a n a l y s i s :
16.9  p e rc e n t  p r o t e i n
1293 C a l .  m e ta b o l iz a b le  energy  per pound
2 .84  p e rc e n t  c a lc iu m
0.75  p e rc e n t  t o t a l  phosphorus
0 .53  p e rc e n t  in o rg a n ic  phosphorus
76 c a l o r i e / p r o t e i n  r a t i o
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T able  4 .  C om position  o f  v i ta m in  prem ix.
A m ount/lb . o f
I n g r e d i e n t s  F in i s h e d  Feed
R ib o f la v in 3 mg.
Calcium P a n to th e n a te 6 mg.
N iac in 14 mg.
Terram ycin 5 mg.
V itam in  B-12 0.006 mg.
V itam in  E 2.5 IU
V itam in A 3405 USP




t o  March 17 (1 9 th  and 20 th  week o f  fe e d in g )  fo r  s h e l l  t h i c k n e s s  
d e te r m in a t io n .  Small p ie c e s  from 4 lo c a t i o n s  around th e  w a i s t  o f  
th e  egg were m om enta rily  soaked in  w a te r  to  f a c i l i t a t e  rem oval o f  
th e  s h e l l  membrane. T h ickness  was th en  measured w i th  a m icrom eter  
(Ames Model No. 2 , D ia l  C om para to r) .  The 4 r e a d in g s  were averaged  
to  th e  n e a r e s t  0 .001  inch  and co n v e r ted  to  m ic ro n s .
E g g sh e l l  Weight
S h e l l  w e igh t was de te rm in ed  on 577 eggs c o l l e c t e d  from 
F eb ru a ry  24 u n t i l  March 6 (1 7 th  and 18th  week o f  f e e d in g ) .  Eggs 
were c ra c k e d ,  c o n te n t s  d i s c a r d e d ,  and album in removed from th e  
s h e l l  by w ashing  under a f a u c e t .  S h e l l s  were a i r  d r i e d  fo r  s e v e r a l  
days a t  room te m p e ra tu re  and weighed on a M e t t l e r  b a lan c e  t o  th e  
n e a r e s t  0 .01  gm. Weights were grouped by pen and t r e a tm e n t .
Em brvonation . H a tch in g ,  and D uckling  S u r v iv a l
D uring th e  20 th  and 2 1 s t  week o f  f e e d in g ,  eggs were c o l l e c t e d  
from each pen , washed, and th o s e  w i th  c ra c k s  d i s c a r d e d .  S ix te e n  
eggs from each  pen were marked and p laced  in  an  e l e c t r i c  in c u b a to r  
on March 28, 1972. T em pera ture  was m a in ta in ed  a t  99 .6°F  (37 .6°C ) 
and r e l a t i v e  hum id ity  a t  63 p e r c e n t  (wet bu lb  r e a d in g  o f  8 8 ) .  Eggs 
were s p r in k le d  w i th  warm w a te r  and hand tu rn e d  tw ice  d a i l y .  D uring 
th e  2nd and 3rd  weeks of in c u b a t io n  th e  eggs were cand led  and un- 
embryonated eggs removed. R e l a t i v e  h u m id ity  was in c re a s e d  t o  71 
p e rc e n t  (wet bu lb  r e a d in g  o f  92) on th e  25 th  day o f in c u b a t io n  and 
s p r i n k l i n g  and tu r n i n g  d i s c o n t in u e d .
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Newly ha tch ed  d u c k l in g s  were marked a c c o rd in g  t o  pen and 
a llow ed  t o  rem ain  in  th e  in c u b a to r  f o r  12 h o u rs .  They were then  
p laced  in  a pen a t  room te m p e ra tu re  and fed  ad l i b i t u m  a s t a r t e r  
game b i r d  r a t i o n .  D uck lings  were observed  f o r  14 days t o  d e te rm in e  
p o s t - h a tc h  m o r t a l i t y .
R es id u es
Two eggs were c o l l e c t e d  from each  pen d u r in g  th e  18th  week 
o f  f e e d in g  (March 4) f o r  r e s i d u e  a n a l y s i s .  Eggs were pooled  by 
t r e a tm e n t ,  b lended  in  a Waring b le n d e r ,  and a 2 gram subsample 
ta k e n  fo r  a n a l y s i s .
A male and fem ale was s e l e c t e d  from each  pen a t  th e  con­
c lu s i o n  of th e  s tu d y  f o r  r e s id u e  d e te r m in a t io n .  Samples o f  f a t ,  
b r e a s t  m u sc le ,  l i v e r ,  and b r a in  were ta k e n  from each b i r d  and 
pooled  a c c o rd in g  t o  t r e a tm e n t .  An e n t i r e  wing from each  duck was 
d e fe a th e re d  and pooled by t r e a tm e n t  fo r  p e s t i c i d e  a n a l y s i s .
S t a t i s t i c a l  A n a ly s is
Data on egg p r o d u c t io n ,  e g g s h e l l  t h i c k n e s s ,  e g g s h e l l  w e ig h t ,  
p e rc e n t  em bryona tion , p e rc e n t  h a t c h ,  and p e rc e n t  d u c k l in g  s u r v i v a l  
were s u b je c te d  to  a n a l y s i s  o f  v a r i a n c e .  C o r r e l a t i o n  c o e f f i c i e n t s  
o f  p a ram ete r  p a i r s  were a l s o  d e te rm in e d .
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B io m a g n if ic a t io n  Study 
B ark sd a le  A ir  F o rce  Base i s  lo c a te d  in  th e  c e n t e r  o f  a 6 
p a r i s h  a r e a  in  n o r th w e s te rn  L o u is ia n a  t h a t  was t r e a t e d  w i th  m irex  
d u r in g  th e  y e a r s  1966 t o  1970. The base  r e c e iv e d  6 a e r i a l  a p p l i c a ­
t i o n s  o f  1.25 pounds per a c r e  o f  m irex  b a i t  d u r in g  t h i s  p e r io d  
(Vaughn 1 9 7 1 ) Dat es  and l o c a t io n s  a r e  p re s e n te d  in  T ab le  5 .
P e rm iss io n  was r e c e iv e d  to  sample th e  base  in  c o o p e r a t io n  
w i th  Mr. John Haygood, Base F o r e s t e r .  Samples o f  a q u a t i c  and 
t e r r e s t r i a l  food complexes were o b ta in e d  d u r in g  th e  autumn o f  1971. 
A l l  sam ples were an a ly zed  f o r  m irex  r e s id u e s  a t  th e  Feed and 
F e r t i l i z e r  L a b o ra to ry ,  L o u is ia n a  S t a t e  U n iv e r s i t y .
.1/ P e rs o n a l  communication (1971) Mr. James Vaughn, Animal and
P la n t  H ea lth  I n s p e c t io n  S e rv ic e  (USDA), B o ss ie r  C i ty ,  L o u is ia n a .
Table  5 . D ates and p a r i s h e s  inc luded  in  m irex  a e r i a l  a p p l i c a t io n s  from 
1966-1970.
P e riod  o f
A p p l ic a t io n  Year P a r i s h e s  T rea ted
September 28 - November 14 
March 13 - A p r i l  16
1966
1967
B o s s ie r ,  Caddo, W ebster, Red 
R’ v e r ,  DeSoto, B ie n v i l l e
June 19 - J u ly  29 
March 11 - A p r i l  23
1968
1969
B o s s ie r ,  Caddo, Red 
R iv e r ,  DeSoto
June 8 - J u ly  8 
September 30 -  November 10
1970
1970
B o s s ie r ,  Caddo, Webster
RESULTS AND DISCUSSION
C raw fish  Study
A s tu d y  t o  d e te rm in e  th e  e f f e c t  o f  m irex  on p r o d u c t io n  o f  
r e d  c r a w f i s h ,  P rnram hanta  c l a r k l  ( G i r a r d ) ,  grown in  r i c e  f i e l d s  o f  
so u th e r n  L o u is ia n a  was conduc ted  d u r in g  1971 and 1972.
Harvest
On June 1 , 1971, 2 ,000  brood  c ra w f is h  were s to c k e d  i n  20 
ex p e r im e n ta l  r i c e  p l o t s  (50 p a i r s  p e r  p l o t )  a t  th e  Rice Experim ent 
S t a t i o n ,  Crow ley, L o u i s ia n a .  During F eb ruary  and March, 1972, 
19,356 c ra w f is h  were h a rv e s te d  from th e s e  p l o t s .  The number 
o b ta in e d  p a r  p l o t  and p e r  t r e a tm e n t  i s  p r e s e n te d  in  T ab le  6.
There  was c o n s id e r a b le  v a r i a t i o n  i n  numbers w i t h i n  and 
among t r e a t m e n t s . The c o n v e n t io n a l  r i c e  t r e a tm e n t  (m a la th io n  and 
c a rb o fu ra n )  and  the  t r e a tm e n t  c o n s i s t i n g  o f  m ire x ,  m a la th io n ,  and 
c a rb o fu ra n  e x h i b i t e d  th e  g r e a t e s t  v a r i a t i o n  betw een p l o t s  (a  
range  o f  584 -  1 ,289 and 895 -  1 ,460  r e s p e c t i v e l y ) ,  w h e rea s ,  th e  
m irex  and c o n t r o l  p l o t s  p roduced  a  more u n ifo rm  number o f  craw­
f i s h  (ran g e  o f  562 -  886 and 1,009 -  1 ,410  r e s p e c t i v e l y ) .  The 
l e a s t  number o f  c ra w f is h  (3 ,6 4 2 )  was c o l l e c t e d  from th e  m irex  
t r e a t e d  p l o t s  and th e  g r e a t e s t  number was o b ta in e d  from th e  c o n t r o l  
p l o t s  (5 ,6 6 7 )  a l th o u g h  on ly  s l i g h t l y  l e s s  (5 ,6 3 7 )  were c o l l e c t e d
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T ab le  6 . Number o f  c ra w f is h  h a rv e s te d  d u r in g  F eb ru a ry  and March, 
1972, from e x p e r im e n ta l  ponds a t  th e  R ice  Experim ent 
S t a t i o n ,  Crowley, L o u i s ia n a .  —'
T rea tm en t
R e p l i c a t i o n
M a la th io n ,
C arbo fu ran
M irex , M a la th io n ,  
C arb o fu ran M irex C o n tro l
1 1,060 1,460 562 1,009
2 862 1,241 619 1,410
3 584 895 886 1,026
4 615 1,072 714 1,141
5 1,289 969 861 1,081
T o ta l 4 ,4 1 0 5 ,637  3 ,642 5,667
O r ig i n a l l y  s to c k e d  100 c ra w f ish  p e r  p l o t .
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from th e  m ire x ,  m a la th io n ,  and c a rb o fu ra n  t r e a tm e n t .  The number 
o f  c ra w f is h  c o l l e c t e d  from th e  m irex  t r e a t e d  p l o t s  was 35.73% 
l e s s  th a n  t h a t  from c o n t r o l  p l o t s .  The d i f f e r e n c e  between t r e a t ­
ment means was s t a t i s t i c a l l y  s i g n i f i c a n t  (P * .05) a s  shown in  
T ab le  7.
The w e ig h t  o f  c ra w f ish  h a rv e s te d  from each  p l o t  and t r e a t ­
ment i s  p re s e n te d  in  T ab le  8. A t o t a l  o f  537 .2  pounds were 
h a rv e s te d  from th e  20 e x p e r im e n ta l  p l o t s .  The 109.9 pounds h a rv e s te d  
from th e  m irex  t r e a t e d  p l o t s  was 25.0% l e s s  th an  from c o n t r o l  
p l o t s  (146 .7  lb s )  b u t  d id  n o t  r e p r e s e n t  a s i g n i f i c a n t  d i f f e r e n c e  
(Appendix T ab le  1 ) .  The number and w e ig h t  o f  c r a w f is h  h a rv e s te d  
by t r e a tm e n t  and a p r o j e c t i o n  o f  number and pounds p e r  a c r e  i s  
p re s e n te d  in  T able  9 . A p o s i t i v e  c o r r e l a t i o n  was r e v e a le d  between 
w e igh t and number o f  c ra w f is h  c o l l e c t e d  from th e  r i c e  p l o t s ,  i n ­
d i c a t i n g  a s i g n i f i c a n t  l i n e a r  r e l a t i o n s h i p  between th e s e  two 
p a ra m e te rs  ( r  ■ .8 7 ) .
T rea tm en t I n t e r a c t i o n
In  b o th  number and w eigh t o f  c r a w f i s h  h a rv e s te d  th e  t r e a t ­
ment composed o f  m ire x ,  m a la th io n ,  and c a rb o fu ra n  e i t h e r  exceeded 
(w e igh t)  or c l o s e l y  approached  (number) th e  c o n t r o l  (T ab le  9 ) .  
T h e re fo re ,  by com paring t r e a tm e n ts  c o n ta in in g  m irex  (m irex  a lo n e ,  
and m irex  in  c o n ju n c t io n  w ith  m a la th io n  and c a rb o fu ra n )  to  t r e a t ­
m ents w i th o u t  m irex  (m a la th io n  and c a r b o f u r a n ,  and c o n t r o l )  th e  
d i f f e r e n c e  between t r e a tm e n ts  i s  c o n s id e r a b ly  reduced  (T ab le  10).
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T able  7 . A n a ly s is  o f  v a r ia n c e  o f  t o t a l  c ra w f is h  c o l l e c t e d  
d u r in g  F eb ru a ry  and March, 1972.
Source d . f . Mean sq u a re s iip.ii
T rea tm en t 3 195 ,949 .2 4 .1 7  *
E r r o r 16 4 7 ,0 0 8 .1
T o ta l 19
* S i g n i f i c a n t  a t  th e  0 .05  l e v e l  o f  p r o b a b i l i t y .
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T ab le  8 . Weight o f  c r a w f i s h  c o l l e c t e d  d u r in g  F eb ruary  and
M arch, 1972, from e x p e r im e n ta l  r i c e - c r a w f i s h  p l o t s  ,
a t  th e  R ice Experim ent S t a t i o n ,  C rowley, L o u i s ia n a .  —
T rea tm en t
R e p l i c a t i o n
M a la th io n ,
C arb o fu ran
M irex ,  M a la th io n ,  
C arb o fu ran M irex C o n tro l
1 23 .31 34.89 16.77 23 .27
2 29 .06 31.14 19.29 32 .96
3 19.83 2 9 .74 27 .07 27 .89
4 19.49 30.13 23 .63 33.08
5 38.52 2 4 .48 23 .08 2 9 .46
T o ta l 130.24 150.39 109.88 146.68
a /”  Weight g iv e n  i n  pounds ( t o t a l  o f  537.19 l b s ) .
T able  9. Summary o f d a ta  on c ra w f ish  h a rv e s te d  from 20 ex p e r im en ta l  r i c e  p l o t s  a t  th e  
R ice Experiment S t a t i o n ,  Crowley, L o u is ian a  d u r in g  February  and March, 1972.
Treatm ent Number H arvested Weight H arvested  ( l b s )
t o t a l a v e r a g e /p lo t t o t a l a v e r a g e /p lo t l b s / a c r e  —̂
M ala th ion  and 
C arbofuran
4 ,410 882.0 130.24 26.05 521
Mirex 3,642 728.4 109.88 21.98 440
M irex, M ala th ion , 
and C arbofuran 5,637 1 ,127 .4 150.39 30.08 602
C o n tro l 5,667 1 ,1 3 3 .4 146.68 29.34 587
T o ta l 19,356 537.19
fi/— P ro je c te d  l b s / a c r e  based on t o t a l  w e igh t pe r  t r e a tm e n t .
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T able  10. P o p u la t io n  and w e ig h ts  o f  c ra w f is h  h a r v e s te d  from 
m i r e x - t r e a t e d  v e r s u s  n o n m ir e x - t r e a te d  p l o t s .  —'
Trea tm ent Number W eight ( lb s ) L b s /a c r e
M a la th io n  and C arbo fu ran  
+ C o n tro l
10,077 276 .92 554
M irex , M a la th io n ,  C arb o fu ran  
+ M irex 9 ,279 260 .27 521
P e rc e n t  d e c re a se 7.92 6.01 5 .96
P r o j e c t i o n  o f  pounds p e r  a c r e  b a sed  on c u m u la t iv e  w e ig h t  p e r  
t r e a tm e n t .
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A d i f f e r e n c e  o f  -7.927. was observed  in  number o f  c ra w f is h  in  Che 
"m irex" a s  compared t o  th e  "non-m irex"  p l o t s .  L ik ew ise ,  a 
d i f f e r e n c e  o f  -6.017. was r e v e a le d  in  w e igh t o f  c ra w f is h  between 
m irex  and non -m irex  p l o t s .
OrthogonaL com parisons  r e v e a le d  t h a t  d i f f e r e n c e s  in  number 
between m irex  and non-m irex  t r e a tm e n t s  were no t s i g n i f i c a n t  
(P * .0 5 ) .
Sex S u r v iv a l  R a te s
From Jan u a ry  31 to  F eb ru a ry  14 a l l  p l o t s  were sampled 5 
tim es and 2 ,519  c ra w f i s h  c o l l e c t e d .  These c r a w f i s h  were sexed 
to  o bserve  any d i f f e r e n t i a l  m o r t a l i t y .  The number c o l l e c t e d  per 
p l o t  and t r e a tm e n t  i s  g iven  in  T ab le  11. In  th e  2-week p e r io d  
1,257 m ales and 1,262 fem ales  were c o l l e c t e d .  The sex  r a t i o  was 
c a l c u l a t e d  to  be 1.004 fem ales  p e r  m a le .
P e rc e n ta g e  male and fem ale  by p l o t  and t r e a tm e n t  i s  p r e ­
sen te d  in  T ab le  12. A s l i g h t l y  h ig h e r  mean p e rc e n ta g e  o f  m ales  
was o b ta in e d  from th e  t r e a tm e n t s  w i th  m ire x .  C o n v e rse ly ,  a 
h ig h e r  mean p e rc e n ta g e  o f  fem ales  was observed  from th o s e  t r e a t ­
ments n o t c o n ta i n in g  m irex .  A n a ly s is  o f  v a r ia n c e  r e v e a le d  a  non­
s i g n i f i c a n t  d i f f e r e n c e  between t r e a tm e n t s  (Appendix T ab le  I I ) .
S ize
On F eb ru a ry  6 , 1972 a l l  p l o t s  were sampled and 1,207 craw ­
f i s h  c o l l e c t e d  and m easu red . Mean c a ra p a c e  le n g th s  (mm) a r e  g iv en
Table  11. Male and female c ra w f ish  c o l l e c t e d  d u rin g  Jan u a ry  31 to  February  14, 1972, 
from ex p e r im en ta l  r i c e - c r a w f i s h  p l o t s  a t  th e  Rice Experiment S t a t i o n ,  
Crowley, L o u is ia n a .
Treatm ent
M a la th io n ,
C arbofuran
M irex , M ala th io n ,  
C arbofuran Mirex C on tro l
R e p l ic a t io n M F M F M F M F
1 54 71 78 99 46 43 66 63
2 59 72 90 57 31 30 87 91
3 51 61 59 45 80 80 47 55
4 39 34 76 69 47 60 74 84
5 85 86 49 45 72 57 67 60
Mean 57 .6  64 .8  70 .4  6 3 .0  55.2 54 .0  68.2 70.6
T able  12. P e rc e n t  male and fem ale c ra w f ish  c o l l e c t e d  d u r in g  January  31 to  February  14, 
1972, from ex p er im en ta l  r l c e - c r a w f l s h  p l o t s  a t  th e  Rice Experim ent S t a t i o n ,  
C rcwley, L o u is ia n a .
R e p l ic a t io n
Treatm ent
M ala th io n ,
C arbofuran
M irex , M ala th io n , 
C arbofuran Mirex C o n tro l
7. M 7. F 7. M 7. F 7. M 7. F 7. M % F
1 43 .2 56.8 44 .1 55.9 51.7 4 8 .3 51.2 4 8 .8
2 4 5 .0 55 .0 61.2 38.8 50.8 49 .2 48 .9 51.1
3 45 .5 54.5 56.7 43 .3 50.0 50.0 46 .1 53.9
4 53 .4 4 6 .6 52 .4 4 7 .6 43 .9 56.1 4 6 .8 53.2
5 49.7 50.3 52.1 47 .9 55.8 44 .2 52.8 47.2
Mean 4 7 .4  52.6  53 .3  4 6 .7  50 .4  4 9 .6  49 .2  50 .8
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i n  T ab le  13. A mean l e n g th  o f  2 .19  nun s e p a ra te d  c ra w f is h  c o l l e c t e d  
in  th e  m ire x ,  m a la th io n ,  and c a rb o fu ra n  t r e a t e d  p l o t s  (3 4 .9 0  mm) 
from th e  c o n t r o l  c ra w f is h  (37 .09  mm). C raw fish  from th e  m irex  
t r e a tm e n t  had th e  second s m a l l e s t  mean le n g th  (35 .7 9  mm) b u t  n e i t h e r  
o f  th e s e  d i f f e r e n c e s  o f  5 .9  and 3.5%, r e s p e c t i v e l y ,  was s i g n i f i c a n t  
(P * .05) a s  shown in  Appendix T ab le  I I I .
The d i s t r i b u t i o n  o f  c ra w f is h  i n t o  10 s i z e  c l a s s e s  i s  
p re s e n te d  in  T ab le  14. C raw fish  w i th  c e p h a lo th o ra x  m easurem ents 
between 30 - 39 mm c o n s t i t u t e d  a t  l e a s t  537. o f  th e  t o t a l  sample 
from each  t r e a tm e n t  and 757. of th e  sample was composed o f  craw ­
f i s h  m easu r in g  30 - 44 mm. The m a j o r i t y  o f  th e  c r a w f is h  sampled 
(>857. in  each  t r e a tm e n t )  measured l e s s  th a n  45 mm.
Frequency c u rv e s  f o r  c a rap a ce  le n g th s  f o r  c ra w f is h  c o l l e c t e d  
on F eb ru a ry  6 a r e  p re s e n te d  g r a p h i c a l l y  in  F ig u re  1. The cu rv es  
a r e  somewhat s i m i l a r  f o r  th e  t r e a tm e n t s  w i th  m irex  and a l s o  fo r  
th e  2 t r e a tm e n t s  w i th o u t  m irex .  M irex t r e a t e d  p l o t s  had a 
s l i g h t l y  g r e a t e r  p e rc e n ta g e  o f  c ra w f ish  in  th e  25 - 34 mm ran g e  
b u t  a lower p e rc e n ta g e  o f  c r a w f is h  in  th e  40 - 45 ran s i z e  c l a s s .
The v a lu e s  o b ta in e d  f o r  sm a ll  c ra w f is h  (<19 mm) and f o r  l a r g e  
c ra w f ish  (>50 ran) were s i m i l a r  in  a l l  t r e a tm e n t s .
On F e b ru a ry  20, 1972, 937 c ra w f i s h  were h a rv e s te d  and 
m easured . Mean c a ra p a c e  le n g th s  (ran) a r e  p re s e n te d  in  T a t l e  15. 
Average l e n g th  was g r e a t e s t  in  th e  t r e a tm e n t  c o n s i s t i n g  o f m ire x ,  
m a la th io n ,  and c a rb o fu ra n  (3 8 .1 6 )  and was s m a l l e s t  in  th e  m irex
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T ab le  13. Mean c a ra p a c e  le n g th s  (mm) o f  c r a w f is h  c o l l e c t e d  
on F eb ru a ry  6 ,  1972.
T rea tm en t
R e p l i c a t i o n
M a la th io n ,
C arbofu ran
M irex ,  M a la th io n ,  
C arbo fu ran M irex C o n tro l
1 3 7 .40 35.22 35 .69 3 8 .00
2 36.71 32 .27 34 .44 36.31
3 35.94 36.59 36.03 35.04
4 35.89 37.24 36 .48 35.94
5 37 .88 34.83 36 .09 39.08
O vera11 36 .86 34 .90 35 .79 37 .09
Table  14. Number and p e rc e n t  o f  c ra w f ish  o c c u r r in g  In  each o f 10 s i z e  c l a s s e s  from
sample c o l l e c t e d  on February  6 ,  1972, from ex p e r im en ta l  r i c e - c r a w f i s h  p l o t s  
a t  th e  Rice Experim ent S t a t i o n ,  Crowley, L o u is ia n a .
Treatm ent
S ize  C lass
M a la th io n ,
C arbofuran
M irex , M ala th io n ,  
C arbofuran Mirex C on tro l
(mm) number 7. number 7. number 7. number 7.
15-19 3 1 .0 4 1.2 0 0 0 0
20-24 5 1.6 12 3 .6 2 0 .7 11 3.7
25-29 17 5 .4 44 13.1 21 8 .1 11 3 .7
30-34 85 27.2 106 31.5 91 35.3 79 26 .4
35-39 81 2 6 .0 79 2 3 .4 73 28 .3 81 27.1
40-44 77 24.7 68 20.2 43 16.7 81 27.1
45-49 38 12.2 22 6 .5 25 9 .7 29 9 .7
5C-54 4 1.3 2 0 .6 2 0 .7 7 2 .3
55-59 1 0 .3 0 0 0 0 0 0
60-64 1 0 .3 0 0 1 0 .4 0 0
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SIZE CLASSES (MM)
F ig u re  1 . S ize  d i s t r i b u t i o n  of c ra w f ish  c o l l e c t e d  on February  
6 ,  1972 from e x p e r im e n ta l  p l o t s  a t  Crowley, 
L o u is ia n a .
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T ab le  15. Mean c a ra p a c e  le n g th s  (mm) o f  c r a w f i s h  c o l l e c t e d  
on F eb ru a ry  20, 1972.
T rea tm en t
R e p l i c a t io n
M a la th io n ,
C arbofu ran
M irex , M a la th io n ,  
C arbo fu ran M irex C o n tro l
1 36.85 36 .60 39.07 38.33
2 4 0 .84 38.23 36.85 37 .22
3 38.25 36 .81 35.99 36.66
4 3 7 .60 4 0 .3 8 38 .09 36 .79
5 36 .71 38.35 38 .10 39 .58
O v e ra l l  3 7 .8 8  38 .16  37 .28  37 .56
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t r e a tm e n t  ( 3 7 .2 8 ) .  There  was n o t  a s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r e n c e  d e t e c t e d  between t r e a tm e n ts  (Appendix T ab le  IV ).
The d i s t r i b u t i o n  o f  c ra w f is h  c o l l e c t e d  on F eb ru a ry  20 
in t o  s i z e  c l a s s e s  i s  p re s e n te d  in  T ab le  16. At l e a s t  537. o f  th e  
c ra w f is h  c o l l e c t e d  were between 30 - 39 mm and over 817. between 
30 -  44 mm. Thus, a s l i g h t  s h i f t  in  o v e r a l l  mean le n g th  was 
observed  from th e  F eb ru a ry  6 c o l l e c t i o n  (36 .16  mm) t o  th e  
F eb ru a ry  20 sample (3 7 .7 2  mm).
F requency c u rv e s  f o r  c a rap a ce  le n g th s  o f  th e  F eb ru a ry  20 
c o l l e c t i o n  a r e  g iv en  in  F ig u re  2 . A lthough  th e  cu rv es  a r e  a l l  
somewhat s i m i l a r ,  t h e  m irex ,  m a la th io n ,  and c a rb o fu ra n  t r e a tm e n t  
had a lower p e rc e n ta g e  o f  c ra w f ish  in  th e  35 - 39 mm c l a s s  but 
a  h ig h e r  p e rc e n ta g e  in  th e  40 - 49 mm ra n g e .
R es id u es
M irex was n o t  d e te c te d  (0 .0 1  ppm s e n s i t i v i t y  l e v e l )  in  
p re t r e a tm e n t  sam ples o f  s o i l ,  w a te r ,  and c r a w f is h  used fo r  
s t o c k in g .  There  was a l s o  none d e te c te d  in  r i c e  g r a in  sampled 
d u r in g  h a r v e s t  (3 months a f t e r  th e  f i r s t  m irex  a p p l i c a t i o n ) .
A f t e r  each o f  th e  3 m irex  t r e a tm e n t s ,  c ra w f ish  were 
c o l l e c t e d  fo r  r e s id u e  a n a l y s i s .  C raw fish  in  each o f  th e  f i r s t  
2 sam ples (August 19 and Jan u a ry  10) were pooled  by t r e a tm e n t  and 
th e  t h i r d  (March 16) was an a ly zed  by p l o t  and means c a l c u l a t e d  
f o r  t r e a tm e n t s .  R e s u l t s  o f  r e s id u e  a n a ly s e s  by t r e a tm e n t  a r e
Table  16. Number and p e rc e n t  o f  c ra w f ish  o c c u r r in g  in  each o f  10 s i z e  c l a s s e s  from a
sample c o l l e c t e d  on February  20 , 1972, from e x p er im en ta l  r i c e - c r a w f i s h  p l o t s  
a t  th e  Rice Experim ent S t a t i o n ,  Crowley, L o u is ia n a .
S ize  C lass  
(mm)
Treatm ent
M a la th io n ,
C arbofuran
M irex , M a la th io n ,  
C arbofuran M irex C o n tro l
number 7. number 7. number 7. number 7.
15-19 0 0 0 0 0 0 0 0
20-24 1 0 .5 4 1.6 2 1 .0 3 1.1
25-29 11 5 .4 4 1.6 8 3 .9 11 3 .9
30-34 40 19.5 66 26 .5 44 21 .6 57 2 0 .4
35-39 83 40 .5 66 26 .5 88 43 .1 105 37.7
40-44 42 20 .4 70 28.2 43 21 .1 77 27.6
45-49 21 10.2 39 15.7 17 8 .3 24 8 .6
50-54 7 3 .4 0 0 2 1 .0 2 0 .7
55-59 0 0 0 0 0 0 0 0
60-64 0 0 0 0 1 0 .4 0 0
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SIZE CLASSES (MM)
F ig u re  2 .  S iz e  d i s t r i b u t i o n  o f  c ra w f ish  c o l l e c t e d  on
F eb ru a ry  20, 1972 from e x p e r im e n ta l  p l o t s  a t  
Crowley, L o u is ia n a .
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o
g iv en  in  T ab le  17 and by p l o t s  ( t h i r d  sample) in  T ab le  18.
G e n e r a l ly ,  h ig h e s t  l e v e l s  were  o b ta in e d  from p l o t s  t r e a t e d  w i th  
m ire x ,  e i t h e r  a lo n e  or i n  c o n ju n c t io n  w i th  c o n v e n t io n a l  r i c e  
i n s e c t i c i d e s .  M irex l e v e l s  in  th e s e  t r e a tm e n t s  ranged  from 
0 .09  - 2 .0 1  ppm.
R e s u l t s  o f  a n a l y s i s  o f  v a r i a n c e  o f  d a ta  p re s e n te d  in  Table  
18 in d i c a t e d  a h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  between t r e a tm e n t s  
r e g a r d in g  m ire x  r e s i d u e s  (T ab le  1 9 ) .  C raw fish  in  p l o t s  t r e a t e d  
w i th  m irex  accum ula ted  a s i g n i f i c a n t l y  h ig h e r  amount o f  m irex  
th a n  c ra w f is h  from n o n t r e a te d  p l o t s .
Snakes and t u r t l e s  were  c o l l e c t e d  in  M arch, 1972 and an a ly zed  
f o r  m irex  r e s i d u e s  (T ab le  2 0 ) .  M irex was d e t e c t e d  in  l i v e r  
( 0 .2 0  ppm) and f a t  (< 0 .01  ppm) o f  3 g a r t e r  sn a k e s ,  Thamnophis 
sp p .  None was found in  l i v e r ,  f a t ,  o r  m uscle  o f  3 w a te r  sn a k e s ,  
N a t r ix  sp p .  or in  m uscle  and f a t  of 3 t u r t l e s ,  Chrvsemys p i c t a . 
However, eggs from 1 w a te r  snake and from 1 t u r t l e  c o n ta in e d  
0 .0 2  and 0 .03  ppm m ire x ,  r e s p e c t i v e l y .
P o s t - t r e a tm e n t  s o i l  and w a te r  sam ples were an a ly z e d  fo r  
m irex  r e s i d u e s .  M irex was n o t  d e te c te d  in  e i t h e r  s o i l  o r  w a te r  
from any o f  th e  t r e a tm e n t s  ( s e n s i t i v i t y  l e v e l  a t  0 .0 1  ppm fo r  s o i l  
and 1 ppb f o r  w a t e r ) .
D is c u s s io n  o f  R e s u l t s
Ludke e t  a l  (1971) and Lowe e t  a l  (1971) r e p o r t e d  t h a t
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T ab le  17. M irex r e s id u e s  (ppm) in  c r a w f is h  c o l l e c t e d  su b seq u en t 
t o  th e  1 s t ,  2nd, and 3rd  m irex  a p p l i c a t i o n s .
T rea tm en t
C o l l e c t i o n  
Date —
M a la th io n ,
C arbo fu ran
M irex , M a la th io n ,  
C arb o fu ran M irex C o n tro l
August 19, 1971 0 .2 1 2 .01 0 .35 nd y
Jan u a ry  10, 1972 0 .04 0 .22 0 .09 0 .19
March 16, 1972 ^ 0 .014 0 .214 0.282 0 .044
g /
— D ates r e p r e s e n t  c o l l e c t i o n s  su b seq u en t  t o  m irex  a p p l i c a t i o n s  
on June 15, 1971, O ctober 21 , 1971, and J a n u a ry  24, 1972.
b /
~  No m irex  d e t e c t e d  a t  0 .0 1  ppm.
—I Average o f  r e s i d u e s  o b ta in e d  from each  r e p l i c a t i o n .
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T ab le  18. M irex  r e s id u e s  (ppm) In  c ra w f is h  c o l l e c t e d  In  
e x p e r im e n ta l  r i c e - p l o t s  on March 16 , 1972.
T rea tm en t
R e p l i c a t io n
M a la th io n ,
C arbo fu ran
M irex , M a la th io n ,  
C arbo fu ran M irex C o n tro l
1 0 .01 0 .35 0 .37 0 .0 3
2 0 .01 0 .37 0 .25 0 .06
3
a /
ND 0.02 0 .07 0 .01
4 0 .03 0.11 0.29 0 .0 8
5 0.02 0.22 0 .43 0 .0 4
Mean 0 .014 0 .214 0.282 0 .044
No m irex  d e t e c t e d  a t  0 .0 1  ppm s e n s i t i v i t y  l e v e l .
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Table  19. A n a ly s is  o f  v a r i a n c e  o f  m irex  r e s id u e s  In  c ra w f is h  
c o l l e c t e d  on March 16, 1972.
Source d . f . Mean s q u a re s iipn
T reatm ent 3 0 .08454 7 .93  **
E r r o r 16 0.01065
T o ta l 19
■kit
H ighly  s i g n i f i c a n t  a t  th e  0 .01  l e v e l  o f  p r o b a b i l i t y .
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T ab le  20 . M irex r e s id u e s  (ppm) d e t e c t e d  i n  r e p t i l e s  c o l l e c t e d
from r i c e - c r a w f i s h  p l o t s  a t  th e  R ice Experim ent S t a t i o n ,  
C rowley, L o u is ia n a  d u r in g  M arch, 1972.
Sample
Number





G arter snake. Thamnonhis sdd . 3 l i v e r 0 .2 0
fa t <0.01
Water snake. N atr ix  spd . 3 l i v e r ND
fa t ND
m uscle ND
b /eggs — 0.02
T u r t le . Chrvsemvs D icta 3 fa t ND
m uscle ND
cleggs — 0 .0 3
Si I— No m irex  d e t e c t e d  a t  0 .0 1  ppm s e n s i t i v i t y  l e v e l .
111 Eggs o b ta in e d  from 1 N a t r ix  38 Inches  in  l e n g th .  
—I Composite sample o f  eggs o b ta in e d  from 2 t u r t l e s .
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c ra w f is h  and o th e r  C ru s tac e a  were h ig h ly  s u s c e p t i b l e  t o  low l e v e l s  
o f  m ire x .  M o r t a l i t y  approached  100 p e rc e n t  from exposu re  to  
s u b l e t h a l  c o n c e n t r a t i o n s  a s  low a s  0 .1  - 1 .0  ppb. R e s u l t s  o f  
th e  p r e s e n t  f i e l d  s tu d y ,  however, d id  n o t  seem t o  e x p re s s  th e  
d e g re e  of t o x i c i t y  su g g es te d  by th e s e  l a b o r a to r y  o b s e r v a t io n s .
R e l a t i v e l y  h ig h  numbers o f  c ra w f ish  were h a rv e s te d  from each  
t r e a tm e n t  (T ab le  6 ) .  Even though th e  d i f f e r e n c e  between t r e a tm e n t s  
was s t a t i s t i c a l l y  s i g n i f i c a n t ,  i t  c an n o t  be e n t i r e l y  a s c r ib e d  to  
m irex  a c t i v i t y  s in c e  t h e  second h ig h e s t  number o f  c ra w f ish  came 
from th e  m ire x ,  m a la th io n  and c a r b o fu ra n  t r e a tm e n t .  In  o rd e r  
t o  l o c a t e  th e  so u rc e  o f  v a r i a t i o n  o r th o g o n a l  com parisons  were 
made. R e s u l t s  o f  th e s e  com parisons r e v e a le d  t h a t  t h e  d i s p a r i t y  
between t r e a tm e n t s  may n o t  have been caused  by m irex  e x p o su re .
A n o n s i g n i f i c a n t  d i f f e r e n c e  was found in  th e  com parison  o f  number 
o f  c ra w f is h  from m i r e x - t r e a t e d  v e r s u s  n o n m ir e x - t r e a te d  p l o t s .  
C o n v e rse ly ,  a s i g n i f i c a n t  d i f f e r e n c e  (F ■ .05) was found between 
number of c ra w f is h  in  p l o t s  from m irex  p lu s  m a la th io n  and c a r b o ­
fu ra n  v e rs u s  c r a w f is h  from p l o t s  r e c e i v i n g  th e  o th e r  2 t r e a tm e n t s .  
M a la th io n  and c a r b o fu ra n  a r e  n o t  known t o ,  nor would they  be 
l i k e l y  t o ,  d e c r e a s e  th e  t o x i c i t y  of m irex .  T h e re fo re ,  th e  
d i f f e r e n c e  in  numbers o f  c r a w f is h  between t r e a tm e n t s  was due 
p ro b ab ly  t o  n a t u r a l  v a r i a t i o n  r a t h e r  th a n  t o  m irex  a c t i v i t y .  
However, a more tho rough  e x am in a tio n  o f t h i s  i n t e r r e l a t i o n  i s  
needed .
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I t  was n o t  p o s s i b l e  t o  d e te rm in e  o r c o n t r o l  p r e d a t io n  o f  
c r a w f i s h .  As long  a s  th e  p l o t s  were covered  by 6" - 8" o f  w a te r ,  
p r e d a t io n  by b i r d s  and mammals was m in im a l.  However, in  August 
1971, th e  p l o t s  were d ra in e d  to  p e rm it  h a r v e s t i n g  o f  r i c e  and t o  
fo r c e  c r a w f is h  to  burrow . The w a te r  was lowered to o  r a p i d l y  and 
c ra w f is h  were exposed to  4 - 5 days o f  heavy p r e d a t io n  by ra c c o o n s ,  
Procyon l o t o r . The e f f e c t  t h i s  p r e d a t io n  may have had on a c t u a l  
c ra w f ish  p ro d u c t io n  i s  unknown, b u t  c e r t a i n l y  g ra v id  fem ales  were 
preyed  upon d u r in g  t h i s  p e r io d .  The p ro d u c t io n  from each  p l o t ,  
a l th o u g h  r e l a t i v e l y  h ig h ,  was f a r  below th e  p o t e n t i a l  o f  300 - 400 
eggs pe r  fem ale  r e p o r te d  by Penn (1943) and A v a u l t  (1 9 7 0 ) .
A ccord ing  to  Thomas (1963) 400 - 1 ,000  pounds o f  c ra w f is h  
p e r  a c r e  may be r e a l i z e d  from w ell-m anaged r i c e  f i e l d s .  When 
w eigh t was p r o j e c t e d  on a pound p e r  a c r e  b a s i s  (T ab le  9) a l l  o f  
th e  t r e a tm e n ts  f e l l  w i th in  t h i s  r a n g e .  The t o t a l  w e ig h t  cou ld  
have been c o n s id e r a b ly  i n c r e a s e d ,  however, had th e  s tu d y  c o n t in u e d  
beyond th e  March t e r m in a t io n  d a t e .  N orm ally , c ra w f is h  a r e  h a rv e s te d  
from December u n t i l  J u ly  (La Caze 1970). Many o f th e  sm a ll  
c r a w f is h  c o l l e c t e d  co u ld  have been r e tu r n e d  to  th e  p l o t s  and 
h a rv e s te d  l a t e r  th e re b y  i n c r e a s in g  th e  t o t a l  w e ig h t  y i e l d .
The e f f e c t  o f  m irex  on c ra w f is h  growth was e v a lu a te d .
Frequency s i z e  d i s t r i b u t i o n s  r e v e a le d  v e ry  l i t t l e  d i f f e r e n c e  
from one t r e a tm e n t  to  a n o th e r  f o r  th e  2 sam pling  p e r io d s  (F ig u re s  
1 and 2 ) .  The o v e r a l l  mean in c r e a s e  in  c a ra p a c e  le n g th  from
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F ebruary  6 t o  F eb ru a ry  20 (14 days) was on ly  1 .5 6  mm. T h is  
was f a r  below th e  3 mm p e r  week r e p o r t e d  by H endrick  (1965) and 
2 -  3 am p e r  week r e p o r t e d  by Penn (1 9 4 3 ) .  S e v e ra l  f a c t o r s  c o u ld  
be r e s p o n s ib le  f o r  a  slow grow th r a t e .  Lack o f  fo o d , o v erc row ding , 
poo r w a te r  and s o i l  q u a l i t y ,  h ig h  w a te r  te m p e r a tu r e ,  and o th e r  
p h y s io lo g i c a l  and e n v iro n m en ta l  s t r e s s e s  ( in c lu d in g  i n s e c t i c i d e  
ex p o su re )  may have c o n t r i b u t e d  t o  an  a r r e s t e d  r a t e  o f  grow th .
Female and  male c ra w f ish  n a t u r a l l y  o ccu r  in  a  1 to  1 
sex  r a t i o  (Penn 1943). R e s u l t s  o b ta in e d  from sex  d e te r m in a t io n  
o f  over 2 ,5 0 0  c ra w f is h  r e v e a le d  a  1 .004  t o  1 fem ale  to  male r a t i o .  
There was v e ry  l i t t l e  d e v i a t i o n  o b se rv ed  from t r e a tm e n t  t o  t r e a t ­
m ent, e x cep t  t h a t  th o s e  c o n ta in in g  m irex  had  a  s l i g h t l y  g r e a t e r  
p e rc e n ta g e  o f  m ales (T ab le  1 2 ) .  Th is  v a r i a t i o n  was n o n s i g n i f i c a n t  
however, and was c o n s id e re d  w i t h i n  th e  range  o f  normal sam pling  
e r r o r .
C raw fish  sam ples c o l l e c t e d  a p p ro x im a te ly  1 month a f t e r  each  
m irex  a p p l i c a t i o n  e x h ib i t e d  v a r y in g  l e v e l s  o f  m irex  r e s id u e s  
(T able  1 7 ) .  The h ig h e s t  l e v e l  (2 .01  ppm) o c c u r re d  i n  c r a v i i s h  
from th e  t r e a tm e n t  c o n s i s t i n g  o f  m ire x ,  m a la th io n ,  and c a r b o fu ra n .  
C raw fish  from th e  c o n t r o l  p l o t s  g e n e r a l l y  e x h i b i t e d  th e  low est 
m irex  r e s i d u e s ,  w hich were s t a t i s t i c a l l y  s i g n i f i c a n t  from th e  m irex  
t r e a tm e n t .  However, th e  f a c t  t h a t  m irex  a p p ea re d  in  p l o t s  n o t  
s u b je c te d  to  d i r e c t  a p p l i c a t i o n  r e v e a l s  i t s  p o t e n t i a l  to  move in  
b i o t i c  and a b i o t i c  s u b s ta n c e s .  C ro s s -c o n ta m in a t io n  betw een p l o t s  
may have o c c u r re d  i n  a  number o f  w ays. The most l i k e l y  method
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was by in c o r p o r a t i o n  i n  o r  a d h eren ce  t o  p a r t i c u l a t e  m a t t e r  (o rg a n ic  
d e b r i s  o r  m ic ro o rg an ism s)  suspended  i n  th e  w a t e r .  The e n t i r e  s tu d y  
a r e a  was in u n d a te d  d u r in g  s e v e r a l  heavy r a i n f a l l s  and  le v e e s  were 
damaged p e r i o d i c a l l y  by m u s k ra ts ,  O ndatra  z l b e t h i c a . In  bo th  
c a s e s  m irex  may have been  t r a n s p o r t e d  in  th e  w a te r  c a u s in g  r e s id u e s  
t o  a p p e a r  i n  u n t r e a t e d  p l o t s .  Van V a l in  e t  a l  (1968) n o te d  s i m i l a r  
c o n ta m in a t io n  o f u n t r e a t e d  c o n t r o l  ponds and were u n ab le  t o  e x p la in  
th e  mechanism.
C o n s id e r in g  th e  amount o f  m irex  b a i t  a p p l i e d  p e r  p l o t  (2 .7  
gms t o t a l  a c t u a l  m a t e r i a l  f o r  10 p l o t s :  3 a p p l i c a t i o n s ) ,  r e s id u e s  
d e t e c t e d  i n  c r a w f is h  and r e p t i l e s  were n o t  v e ry  h ig h .  The 
t h e o r e t i c a l  maximum a c c u m u la t io n  of m irex  (1007.), b a se d  on th e  
t o t a l  amount o f  t e c h n i c a l  m a te r i a l  a p p l i e d  (2 .7  gms) and on th e  
t o t a l  c ra w f is h  w e ig h t  h a r v e s t e d  from m irex  t r e a t e d  p l o t s  (260.27 
l b s ) ,  was c a l c u l a t e d  a t  22 .85  ppm. T h is  amount i s  92 t im es  th e  
mean m irex  r e s id u e  o b ta in e d  (0 .2 4 8  ppm). I t  i s  p a r t i c u l a r l y  
r e l e v a n t  to  n o t e ,  how ever, t h a t  r e s id u e s  acc u m u la t in g  in  c ra w f ish  
(w hole-body) w ere  o f t e n  i n  e x ce ss  o f government t o l e r a n c e  e s t a b ­
l i s h e d  f o r  f a t  o f  r e d  meat (0 .1  ppm).
The b i o l o g i c a l  a c t i v i t y  o f  m irex  i n  c r a w f i s h  was n o t  
d e te rm in e d .  They w ere  n o t  o b se rv ed  e x h i b i t i n g  symptoms o f  m irex  
p o is o n in g  ( i r r i t a b i l i t y ,  l o s s  o f  e q u i l i b r iu m ,  u n d i r e c t e d  movement, 
and p a r a l y s i s )  a s  r e p o r t e d  by Lowe e t  a l  (1 9 7 1 ) .  However, d i r e c t  
o b s e r v a t io n s  w ere  n o t  o f t e n  o b ta in e d ,  and i t  i s  p o s s i b l e  t h a t  
t h e s e  symptoms o c c u r re d  u n n o t ic e d .
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The s i g n i f i c a n c e  o f  c h ro n ic  m irex  r e s id u e s  i n  c r a w f i s h  i s  
n o t  known. M arkin  e t  a l  (1971) found  no ev id en c e  t h a t  m irex  
exposure  was a d v e r s e ly  a f f e c t i n g  c r a w f is h  p o p u la t io n s  in  L o u i s ia n a .  
L ik ew ise ,  C o l l in s  and  Davis (1971) o b se rv ed  no m o r t a l i t y  in  
c ra w f ish  exposed  t o  m irex  in  th e  f i e l d .  R e s u l t s  o f  t h i s  s tu d y  
i n d i c a t e  t h a t  m ire x ,  a t  th e  r a t e  recommended in  th e  im ported  
f i r e  a n t  p rogram , p o ses  no o v e r t  t h r e a t  to  c ra w f is h  p r o d u c t io n .
The respon se o f craw fish  p o p u la tio n s  to  lon g-term  mirex exp osu re, 
however, w arrants fu rth er  e v a lu a t io n .
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C a tfish  Study
C a t f i s h  were s to c k e d  a t  th e  r a t e  o f  2 ,0 0 0  p e r  a c r e  in  8 
ponds on J u ly  1 , 1971. M irex b a i t  was a p p l i e d  to  4 ponds on 
J u ly  8 and O ctober 2 3 ,  1971 and on F eb ruary  9 ,  1972 (1 .2 5  l b s /  
a c r e ) .  The rem a in ing  4 ponds s e rv e d  a s  u n t r e a t e d  c o n t r o l s .  A l l  
e x p e r im e n ta l  ponds were s u b se q u e n t ly  d ra in e d  on A p r i l  2 6 ,  1972 
and s u r v iv in g  c a t f i s h  c o l l e c t e d  f o r  w e ig h t ,  l e n g t h ,  and r e s id u e  
d e te r m in a t io n .
C a t f i s h  S u rv iv a l
P e rc e n t  s u r v iv a l  o f  c a t f i s h  ov e r  th e  10 month p e r io d  i s  
p r e s e n te d  i n  T able  21 . Of 240 c a t f i s h  s to c k e d  i n  m irex  t r e a t e d  
ponds on ly  104 o r  43.33% were su b se q u e n t ly  c o l l e c t e d .  The number 
s u r v iv in g  in  u n t r e a t e d  ponds was 246 o f 330 i n i t i a l l y  s to c k e d  
(68 .98% ). A n a ly s is  o f  v a r i a n c e  r e v e a le d  a  n o n s i g n i f i c a n t  d i f f e r e n c e  
betw een t r e a t m e n t s ,  a l th o u g h  th e  c a l c u l a t e d  F v a lu e  d id  approach  
s i g n i f i c a n c e  (Appendix Table  V).
C a t f i s h  W eights and Lengths
Mean w e ig h ts  and l e n g th s  o f  c a t f i s h  c o l l e c t e d  on O ctober  23 , 
1971 and F eb ruary  9 and A p r i l  26 ,  1972 a r e  p r e s e n te d  in  T ab le s  22 
and 23 and summarized in  Table  24 . P r o j e c t i o n  o f w e ig h t  y i e l d  
(pounds p e r  a c r e )  o f  c a t f i s h  from each  r e p l i c a t i o n  i s  a l s o  g iv en  
in  T able  22. R e s u l t s  o f  a n a l y s i s  o f  v a r i a n c e  i n d i c a t e d  no 
s i g n i f i c a n t  d i f f e r e n c e  between t r e a tm e n t s  in  e i t h e r  w e ig h t  y i e l d
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T ab le  21 . S u r v iv a l  o f  channe l c a t f i s h  In  e x p e r im e n ta l  ponds a t  
Beechwood F ish  H a tc h e r i e s ,  LeCompte, L o u is ia n a  from 
J u l y  1 , 1971 to  A p r i l  26 , 1972.
R e p l i c a t i o n
T rea tm en t 1 2 3 4 T o ta l
M irex
Number s to c k e d 60 60 60 60 240
Number s u rv iv e d 11 31 32 30 104
P e rc e n t  s u r v i v a l 18.3 51.7 53.3 50 .0 4 3 .33
C o n tro l
Number s to c k e d 150 60 60 60 330
Number s u rv iv e d 134 42 38 32 246
P e rc e n t  s u r v i v a l 89 .3 7 0 .0 63.3 53 .3 68 .98
Table 22. Mean w eights (gms) o f channel c a t f is h  c o l le c te d  from experim ental
ponds a t  Beechwood F ish  H a tch er ies , LeCompte, L ou isiana .
C o l le c t io n R e p l ic a t io n
Date Treatm ent 1 2 3 4
O ctober 23 , 1971 Mirex 187.2 92.3
grams . . . .  
128.5 56.9
C ontro l 116.3 178.8 118.5 111.2
February  9 ,  1972 Mirex 100.8 86.7 72.2 18.9
C on tro l 126.8 139.2 153.6 137.1
A p r i l  26 , 1972 Mirex 116.7 137.8 259 .4 241.5
C ontro l 120.7 195.9 261.4 340.5
Weight y i e l d  M irex 110.0  287 .8  538.4  435.9
( p r o j e c t io n :
l b s / a c r e )  C o n tro l  320.9 556.7 613.6  635.4
Table 23 . Mean len gth s (am) o f channel c a t f is h  c o l le c te d  from experim ental
ponds a t  Beechwood F ish  H a tch er ies , LeCompte, L ou isiana .
C o l le c t i o n R e p l ic a t io n  —̂
Date Treatm ent 1 2 3 4
O ctober 23 ,  1971 Mirex 213.5 178.0 188.5 144.5
C ontro l 181.5 212 .0 186.0 188.5
February  9 ,  1972 Mirex 220 .0 180.0 209.5 151.3
C o n tro l 187.0 194.0 210.9 201.7
A p r i l  26 ,  1972 Mirex 210.5 215.5 268.5 262.1
C o n tro l 157.7 2 43 .0 260.6 296.3
See appendix  Tables  V I I I ,  IX, and X f o r  raw d a ta .
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T ab le  24 . Mean w e ig h ts  (gms) and l e n g th s  (am) o f  chan n e l c a t f i s h  
c o l l e c t e d  from e x p e r im e n ta l  ponds a t  Beechwood F ish  
H a tc h e r i e s ,  LeCompte, L o u i s ia n a .
C o l l e c t i o n




O ctober 23 ,  1971 M irex 119.6 (-8 .37.) 181.6  (-5 .47 .) 7
C o n tro l 130.4 1 92 .0 8
F eb ru a ry  9 ,  1972 M irex 122.4 (-12.17.) 190.2  (-4 .47.) 8
C o n tro l 139.2 199 .0 18
A p r i l  2 6 ,  1972 M irex 188.9 (-17.97.) 239 .2  (- .067.) 89
C o n tro l 229 .6 2 3 9 .4 220
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o r  av e rag e  l e n g th  o f  c a t f i s h  f o r  any o f  th e  sam pling  d a te s  
(Appendix T ab le s  VI and V I I ) .  C a t f i s h  from m irex  t r e a t e d  ponds 
w eighed  8 . 3 ,  1 2 .2 ,  and  17 .9  p e r c e n t  l e s s  th a n  f i s h  from u n t r e a t e d  
ponds f o r  th e  O c to b e r ,  F e b ru a ry ,  and A p r i l  sam pling  d a t e s ,  
r e s p e c t i v e l y .  D if f e r e n c e  i n  a v e rag e  w e ig h t  f o r  th e  3 p e r io d s  
was 1 0 .8 ,  1 6 .8 ,  and 4 0 .8  g ram s, r e s p e c t i v e l y .  D i f f e r e n c e s  in  
l e n g th  betw een th e  2 t r e a tm e n ts  were l e s s  p ronounced . For th e  
O ctober c o l l e c t i o n  th e  a v e rag e  d i f f e r e n c e  was 1 0 .4  mm., f o r  th e  
F eb ru a ry  sample 8 .8  mm., and f o r  th e  A p r i l  c o l l e c t i o n  a  mean 
d i f f e r e n c e  o f  on ly  0 .2  mm. was o b se rv ed .  However, i n  a l l  i n s t a n c e s  
m irex  t r e a t e d  c a t f i s h  w ere s h o r t e r  th a n  c o n t r o l  f i s h .
Bream W eights
Mean w e ig h ts  o f  bream , Lepomls s p p . ,  c o l l e c t e d  from c o n t r o l  
and m irex  t r e a t e d  ponds f o r  th e  O c to b e r ,  F e b ru a ry ,  and A p r i l  
sam pling  d a te s  a r e  p r e s e n te d  in  T ab le  25 . Bream from m irex  
t r e a t e d  ponds w eighed  1 3 .2 ,  2 7 .4 ,  and 26.5% l e s s  th a n  th o s e  from 
u n t r e a t e d  ponds f o r  th e  3 d a t e s ,  r e s p e c t i v e l y .  A n a ly ses  of 
v a r i a n c e  on d a ta  from th e  A p r i l  c o l l e c t i o n ,  how ever, I n d i c a t e d  
t h a t  th e  d i f f e r e n c e  was n o t  s i g n i f i c a n t  a t  th e  0 .0 5  l e v e l  o f  
p r o b a b i l i t y  (Appendix T ab le  XIV).
R esidues
M irex was n o t  d e t e c t e d  i n  p r e t r e a tm e n t  s o i l  sam ples o r
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T ab le  25 . Mean w e ig h ts  (gms) o f  bream , Lepomls s p p . ,  c o l l e c t e d  
from e x p e r im e n ta l  ponds a t  Beechwood F is h  H a tc h e r i e s ,  
LeCompte, L o u i s ia n a .
C o l l e c t i o n




O ctober 2 3 ,  1971 M irex 18 .30 (-13.2% ) 66
C o n tro l 21 .07 73
F eb ru a ry  9 ,  1972 M irex 15.40 (-27.4% ) 82
C o n tro l 2 1 .20 100
A p r i l  26 ,  1972 M irex 25.82 (-26.5% ) 443
C o n tro l 35 .11 309
A /— See ap pend ix  T ab le s  XI and XII f o r  raw d a t a .
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In  c a t f i s h  f l n g e r l l n g s  u sed  f o r  s to c k in g  o f  ponds .
R e l a t i v e ly  sm a l l  q u a n t i t i e s  o f  m irex  was d e t e c t e d  In  chan n e l 
c a t f i s h  su b seq u en t t o  1 , 2 ,  and 3 a p p l i c a t i o n s  o f  m irex  b a i t  a t  
th e  r a t e  o f  1 .25  pounds p e r  a c r e  (T ab le  2 6 ) .  No m irex  was 
found in  sam ples from any c o n t r o l  r e p l i c a t i o n  e x ce p t  in  th e  f a t  
o f  c a t f i s h  from a  s i n g l e  pond a f t e r  th e  f i n a l  m irex  t r e a tm e n t  
(0 .1 5  ppm). M irex was d e t e c t e d  in  c a t f i s h  m uscle  from m irex  
t r e a t e d  ponds a t  l e v e l s  o f  0 .0 1 ,  0 .0 3 ,  and 0 .015  ppm f o r  t h e  3 
sam pling  d a t e s ,  r e s p e c t i v e l y .  In  c a t f i s h  f a t ,  m irex  was found a t  
0 .1 0  ppm from th e  F eb ru a ry  and  0 .255  ppm from th e  A p r i l  
c o l l e c t i o n  d a t e s .  Eggs were o b ta in e d  from s e v e r a l  c a t f i s h  in  
m irex  t r e a t e d  and c o n t r o l  ponds . Eggs from th e  t r e a t e d  ponds 
c o n ta in e d  0 .1 0  ppm m ire x ,  b u t  no m irex  was d e t e c t e d  i n  th e  eggs 
from c a t f i s h  in  c o n t r o l  ponds . A n a ly s is  o f  v a r i a n c e  (T ab le  27) 
r e v e a le d  a  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  (F * 0 .0 1 )  betw een 
t r e a tm e n t s  in  th e  amount o f  m irex  d e t e c t e d  in  c a t f i s h  m uscle 
from th e  A p r i l  26 sam ple.
Bream, Leoomis sp p . w ere  c o l l e c t e d  on O ctober 2 7 ,  1971 and 
F eb ru a ry  9 ,  and A p r i l  2 6 ,  1972. M irex was found a t  0 .0 3  ppm i n  
bream Lenomls sp p . c o l l e c t e d  i n  O c tober and 0 .0 6  ppm i n  F ebruary  
from m irex  t r e a t e d  ponds . M irex r e s id u e s  w ere b a r e ly  d e t e c t a b l e  
i n  bream from c o n t r o l  ponds on bo th  sam pling  d a te s  a t  0 .0 1  ppm.
M irex r e s id u e s  o f  a  com posite  sample o f  bream c o l l e c t e d  from
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T ab le  26 . Mirex r e s id u e s  (ppm) in  chan n e l c a t f i s h  c o l l e c t e d
from e x p e r im e n ta l  ponds a t  Beechwood F ish  H a tc h e r i e s ,  
LeCompte, L o u is ia n a  su b seq u en t to  1 , 2 ,  and 3 
a p p l i c a t i o n s  o f  m irex  b a i t  a t  th e  r a t e  of 1 .25  pounds 
p e r  a c r e .
C o l l e c t i o n
Date
T issu e  Analyzed
T rea tm en t Muscle Fat Eggs
O ctober 2 3 ,  1971 M irex <0.01 mm
(107 days a f t e r  1 s t  
a p p l i c a t i o n ) C o n tro l ND - -
F ebruary  9 ,  1972 M irex 0 .0 3 0 .1 0
(109 days a f t e r  2nd 
a p p l i c a t i o n ) C o n tro l




A p r i l  2 6 ,  1972 M irex <0.015 0.255 0 .1 0
(76 days a f t e r  3 rd  
a p p l i c a t i o n ) C o n tro l ND 0.15 ND
A  /— E d ib le  p o r t i o n  on ly  ( f i l l e t s ) .
—/  No m irex  d e t e c t e d  a t  0 .0 1  ppm.
■£/ No m irex  d e t e c t e d  a t  0 .0 5  ppm.
d /  T rea tm en t a v e ra g e s  o f  r e s id u e s  o b ta in e d  from each  pond. See 
ap pend ix  Table  X I I I  f o r  raw d a t a .
SJ Residue o b ta in e d  from 1 pond o n ly .
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T able  27. A n a ly s is  o f  v a r i a n c e  o f  m irex  r e s i d u e s  in  ch an n e l  
c a t f i s h  m uscle  c o l l e c t e d  on A p r i l  26 , 1972 from 
e x p e r im e n ta l  ponds a t  Beechwood F i s h  H a tc h e r i e s ,  
LeCompte, L o u is ia n a .
Source d . f . Mean s q u a re s
T rea tm en t 1 0.0004500 26.95  **
E r ro r 6 0.0000166
T o ta l 7
H ighly  s i g n i f i c a n t  a t  th e  0 .0 1  l e v e l  o f  p r o b a b i l i t y .
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t r e a t e d  ponds on A p r i l  2 6 ,  1972 was 0 .02  ppm. No m irex  was
d e te c t e d  i n  f i s h  from c o n t r o l  ponds on t h a t  d a t e .
In  p o s t - t r e a t m e n t  s o i l  s am p les ,  m irex  was d e t e c t e d  in  
t r e a t e d  ponds a t  0 .0 3  ppm and l e s s  th a n  0 .01  ppm i n  s o i l  from 
c o n t r o l  ponds.
D is c u s s io n  o f  R e s u l t s
The d i s p a r i t y  o b se rv ed  in  p e r c e n t  c a t f i s h  s u r v i v a l  betw een 
t r e a t e d  (4 3 .3 3 )  and u n t r e a t e d  (6 8 .9 8 )  ponds was n o t  s t a t i s t i c a l l y  
s i g n i f i c a n t  due to  v a r i a t i o n  w i t h i n  each  t r e a tm e n t  (T ab le  2 1 ) .  One 
m irex  t r e a t e d  pond had an  ex trem e ly  low s u r v i v a l  r a t e  (18.3%) w h i le  
th e  rem a in ing  t r e a t e d  ponds e x h ib i t e d  ab o u t 50% s u r v i v a l .  Th is  1 
pond, how ever, was h e a v i l y  choked w i th  a q u a t i c  v e g e t a t i o n  w hich may 
have c o n t r i b u t e d  to  th e  lew s u r v i v a l .  On th e  o t h e r  h and , 1 u n t r e a t e d
pond e x h i b i t e d  a  h ig h  s u r v i v a l  r a t e  (89.3%) w hich was o u t  o f  th e
range  (5 3 ,  63 , and 70%) d is p la y e d  by o th e r  u n t r e a t e d  ponds.
D i f f e r e n c e s  betw een t r e a tm e n ts  i n  c a t f i s h  w e ig h t  was 
i n v e r s e ly  r e l a t e d  to  th e  p e r io d  o f exposu re  (T ab le  2 4 ) .  The 
lo n g e r  c a t f i s h  were exposed  t o  m irex  th e  g r e a t e r  th e  o b se rv ed  mean 
w e ig h t  d i f f e r e n c e .
A d i f f e r e n t  r e s p o n s e ,  however, was n o te d  i n  c a t f i s h  l e n g th .  
V a r i a b i l i t y  betw een t r e a tm e n ts  was g r e a t e s t  a f t e r  th e  f i r s t  m irex  
a p p l i c a t i o n  and d e c l in e d  t h e r e a f t e r  u n t i l  th e  d i f f e r e n c e  was only 
0 .2  mm su b seq u en t  to  th e  f i n a l  a p p l i c a t i o n  (T ab le  2 4 ) .
Bream w e ig h ts  w ere  re c o rd ed  a f t e r  each  a p p l i c a t i o n  and an  
ob serv ed  d i f f e r e n c e  betw een t r e a t e d  and u n t r e a t e d  ponds was a l s o  
o b ta in e d  (T ab le  2 5 ) .
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A ccord ing  t o  Holden (1962) f i s h  may a c q u i r e  r e s id u e s  from 
food s o u rc e s  and  a l s o  from s u r ro u n d in g  w a t e r .  However, th e  
r e l a t i o n s h i p  betw een p e s t i c i d e  a cc u m u la tio n  and a c t u a l  m o r t a l i t y  
In  th e  f i e l d  depends upon many f a c t o r s .  S p e c ie s ,  I n d iv i d u a l  
s i z e  and  p h y s i c a l  s t a t e ,  w a te r  q u a l i t y  and  t e m p e r a tu r e ,  th e  amount 
o f  m a t e r i a l  a cc u m u la te d ,  l e n g th  o f  e x p o su re ,  and ty p e  o f  m a te r i a l  
to  w hich th e  f i s h  i s  ex p o sed , a l l  may i n t e r a c t  to  p roduce  v a ry in g  
d eg rees  of t o x i c i t y .
The h i g h e s t  l e v e l  o f  m irex  d e t e c t e d  In  c a t f i s h  was 0 .255 
ppm in  f a t ,  0 .1 0  ppm in  e g g s ,  and 0 .0 3  ppm In  m uscle  (T ab le  2 6 ) .
C o l l in s  and Davis (1971) r e p o r t e d  m irex  r e s id u e s  o f  0 .6 5  ppm in  
c a t f i s h  w i th o u t  m o r t a l i t y .  R es idues  were b ased  on whole-body 
a n a l y s i s  and t h e r e f o r e  would r e p r e s e n t  a t  l e a s t  a  3 f o l d  in c r e a s e  
ov e r  th e  h i g h e s t  l e v e l s  d e t e c t e d  i n  th e  p r e s e n t  s tu d y .
Bream r e s id u e s  rea ch e d  0 .0 6  ppm a f t e r  th e  second m irex  
a p p l i c a t i o n .  Van V a l in  e t  a l  (1968) r e p o r te d  a cc u m u la t io n  of 
0 .75  ppm in  b l u e g l l l ,  Lgpnmla m a r rn g M ra g . from exp o su re  to  
0 .0013  ppm m irex  ( th e  e s t im a te d  amount from 1 .25  l b / a c r e  m irex  
b a i t  a p p l i e d  t o  w a te r )  w i th o u t  a d v e r s e  e f f e c t s .  However, th e y  
a l s o  r e p o r t e d  t h a t  growth was s t u n t e d  in  b l u e g l l l  fe d  5 mg/kg/day 
body w e ig h t .  Cope (1965) d em o n s tra ted  t h a t  b l u e g l l l  grcw th  was 
a l t e r e d  by h e p ta c h lo r  a t  0 .0 5  ppm.
The r e l a t i v e l y  low r e s id u e  l e v e l s  a r e  p e rh ap s  due to  th e  f a c t  
t h a t  b o th  c a t f i s h  and  bream were f e d  on commercial f i s h  fo o d . The 
h ig h e r  r e s id u e  in  m uscle  t i s s u e  o f  bream may r e f l e c t  a  tendency  to
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r e l y  more on n a t u r a l  food  supp ly  and  th e re b y  t o  accum ula te  more 
m irex  from th e  food c h a in .
The e x t e n t  t o  w hich m irex  p r e c i p i t a t e d  d i f f e r e n c e s  between 
t r e a tm e n ts  in  c a t f i s h  s r u v l v a l ,  w e ig h t ,  and l e n g th ,  and  a l s o  th e  
d i f f e r e n c e  i n  bream w e ig h t  i s  d i f f i c u l t  t o  d e te rm in e .  No m o r t a l i t y  
was d i r e c t l y  a t t r i b u t e d  to  m irex  exp o su re  a s  f i s h  w ere n o t  observed  
d i s p la y in g  th e  a g i t a t e d ,  e r r a t i c  b e h a v io r  c h a r a c t e r i s t i c  o f  o rgano-  
c h lo r in e  p o is o n in g  (Andrews e t  a l .  1966)'. N e v e r th e le s s ,  d i f f e r e n c e s  
betw een t r e a tm e n ts  w ere  g e n e r a l l y  c o n s i s t e n t ,  w hich i n d i c a t e d  t h a t  
m irex  i s  a t  l e a s t  s u s p e c t  a s  a  c a u s a t iv e  a g e n t .  F u r th e r  s tu d y  i s  
needed  to  c l a r i f y  t h i s  p o i n t .
The a v e rag e  amount o f  f a t  p r e s e n t  i n  f r e s h w a te r  c a t f i s h  muscle 
i s  3.1% ( P e s t i c i d e  A n a ly t i c a l  Manual V o l. 1 ) .  S ince  m irex  e x h i b i t s  
an  a f f i n i t y  f o r  l i p o i d  m a t e r i a l ,  r e s id u e s  d e t e c t e d  i n  m uscle may 
a c t u a l l y  be c o n c e n t r a t e d  in  f a t  o n ly .  The av e rag e  r e s id u e  i n  c a t f i s h  
m uscle was 0 .018  ppm (T ab le  2 6 ) .  Based on th e s e  a s su m p t io n s ,  
t h e o r e t i c a l  c a l c u l a t i o n s  were made to  d e te rm in e  th e  r e s id u e  l e v e l  
i n  e d ib l e  p o r t i o n  o f  c a t f i s h  in  r e l a t i o n  to  l i p i d  c o n te n t .  By 
th e s e  c a l c u l a t i o n s ,  th e  o b se rv ed  v a lu e  o f  0 .018  ppm i n  m uscle 
w ould be e q u iv a l e n t  o t  0 .58  ppm in  f a t ,  w e l l  above th e  e s t a b l i s h e d  
to l e r a n c e  o f  0 .1  ppm f o r  f a t  o f  r e d  m eat.
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M allard Study
A s tu d y  was conduc ted  t o  d e te rm in e  th e  e f f e c t s  o f  m lrex  on 
r e p ro d u c t io n  and s u r v i v a l  o f  m a l la r d  d u ck s ,  Anas p la tv rh v n c h o s  
L in n a e u s .
Egg P ro d u c t io n
M irex was a d m in is te r e d  in  th e  d i e t  o f  m a l la rd s  a t  1 and 
100 ppm f o r  25 w eeks. Eggs l a i d  d u r in g  an 8 week p e r io d  were 
c o l l e c t e d  from m l r e x - t r e a t e d  and  c o n t r o l  g ro u p s .  A t o t a l  o f  
2 ,162  eggs was o b ta in e d ;  723 from th e  100 ppm m lrex  t r e a tm e n t  
(33 .4% ), 757 from th e  1 ppm m irex  group (35%), and  682 from th e  
c o n t r o l s  (31 .57 .) .  T ab le  28 g iv e s  th e  number o f  eggs c o l l e c t e d  
from each  pen and the  t o t a l  from each  t r e a tm e n t .  A n a ly s is  o f  
v a r i a n c e  i n d i c a t e d  a  n o n s i g n i f i c a n t  d i f f e r e n c e  among t r e a tm e n ts  
(Appendix T ab le  XV).
E g g sh e l l  T h ickness
Data on s h e l l  t h i c k n e s s  were o b ta in e d  d u r in g  th e  1 3 th -1 6 th  
and 1 9 th -2 0 th  weeks o f  f e e d in g .  In  th e  f i r s t  segm ent, e g g s h e l l  
th ic k n e s s  was m easured on 502 eggs (T ab le  2 9 ) .  The mean th ic k n e s s  
from th e  100 ppm m irex  t r e a tm e n t  was 298 m icrons w hich was 2.6% 
l e s s  th an  t h a t  o f  c o n t r o l s  (306 m ic r o n s ) . The mean th ic k n e s s  
o bserved  from th e  1 ppm m irex  group was 312 m ic ro n s ; .987. g r e a t e r  
th a n  eggs from th e  c o n t r o l  g ro u p .
In  th e  second segment (1 9 th - 2 0 th  weeks) th e  mean th ic k n e s s  
from th e  c o n t r o l  and th e  100 ppm m irex  groups was 319 m icrons 
and  322 m icrons from th e  1 ppm m lrex  t r e a tm e n t  (T ab le  3 0 ) .
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T able  28 . Egg p ro d u c t io n  o f m a l la rd s  from Jan u a ry  30 to  March 
2 8 ,  1972 (8-week l a y in g  p e r i o d ) .
T rea tm en t
R e p l i c a t io n  M lrex (100 ppm) M lrex (lppm) C o n tro l
...........................................number o f  eggs....................................
1 118 148 85
2 134 127 147
3 89 166 64
4 106 84 165
5 152 112 111
6 124 120 110
T o ta l 723 757 682
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T able  29 . Mean s h e l l  th ic k n e s s  o f  eggs c o l l e c t e d  from m a l la rd  
ducks fe d  a  r a t i o n  c o n ta in in g  m lrex  (Jan u a ry  30 - 
F eb ruary  2 0 ,  1972; 13 th  t o  16 th  weeks o f  f e e d in g ) .  3 /
T rea tm en t
Number o f  
Eggs Measured
Mean T h ickness  
(m icrons)
M lrex (100 ppm) 145 298 (±  14 .68 )
M lrex (1 ppm) 209 312 (±  10 .21 )
C o n tro l 148 306 (±  11 .06)
a /— See append ix  T ab le  XVI f o r  raw d a t a .
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Table  30. Mean s h e l l  th ic k n e s s  o f  eggs c o l l e c t e d  from m a l la rd  
ducks fe d  a  r a t i o n  c o n ta in in g  m lrex  b a i t  (March 7 -  




Mean T h ickness  
(m icrons)
M lrex (100 ppm) 168 319 (±  9 .6 3 )
Mirex (1 ppm) 159 322 (+ 12 .89 )
C on tro l 141 319 (±  10 .27)
a /
See append ix  T ab le  XVII f o r  raw d a t a .
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The o v e r a l l  th i c k n e s s  on 970 eggs was 309.7  m icrons from 
th e  100 ppm m lrex  t r e a tm e n t ,  316 .5  m icrons  from th e  1 ppm 
m lrex  g ro u p ,  and 311.8  m icrons  from th e  c o n t r o l  (T ab le  3 1 ) .
T hus, t h i c k n e s s  o f  eggs from th e  h ig h e r  m lrex  t r e a tm e n t  was 
0.677. l e s s  and th o se  from th e  1 ppm m lrex  t r e a tm e n t  was 1.17% 
g r e a t e r  th an  eggs from th e  c o n t r o l  g ro u p . R e s u l t s  o f  a n a l y s i s  
o f  v a r i a n c e  re v e a le d  no s i g n i f i c a n t  d i f f e r e n c e  among t r e a tm e n ts  
in  e g g s h e l l  th ic k n e s s  (Appendix T ab le  X V III ) .
E g g sh e l l  Weight
From February  24 to  March 6 ,  1972, (1 7 th  and 18th  weeks of 
fe e d in g )  577 eggs were c o l l e c t e d  and s h e l l  w e ig h ts  o b ta in e d .
The mean w e ig h t  f o r  each  t r e a tm e n t  I s  g iv en  In  T ab le  32. S h e l l  
w e ig h t  was 1.5% l e s s  In  th e  eggs from th e  100 ppm m lrex  group 
and 1.0% g r e a t e r  In  th o se  from th e  1 ppm m lrex  t r e a tm e n t  In  
com parison  to  c o n t r o l  e g g s .  These d i f f e r e n c e s  w ere n o t  s t a t i s t i ­
c a l l y  s i g n i f i c a n t  (Appendix Table  XX). C o r r e l a t i o n  a n a l y s i s  b e ­
tween s h e l l  th ic k n e s s  and s h e l l  w e ig h t  r e v e a le d  a  h ig h ly  s i g n i f i c a n t  
(P = .01) l i n e a r  a s s o c i a t i o n  ( r  = .67 ) betw een th e s e  two v a r i a b l e s .
E m bryonatlon . H a t c h a b l l i t y . and D uckling  S u rv iv a l
S ix te e n  eggs from each  r e p l i c a t i o n  were in c u b a te d  and 
em bryonatlon  d e te rm ined  by c a n d l in g  th e  eggs a f t e r  2 w eeks.
Of th e  96 eggs in c u b a te d  p e r  t r e a tm e n t  76 were em bryonated in  the  
1 ppm m irex  g ro u p , 83 in  th e  100 ppm m irex  t r e a tm e n t ,  and  82 in  
th e  c o n t r o l  group (T able  3 3 ) .  P e rc e n t  em bryonatlon  was t h e r e f o r e  
7 9 .2 ,  8 6 .5 ,  and 8 5 .4 ,  r e s p e c t i v e l y ,  f o r  th e  3 t r e a t m e n t s .  A n a ly s is
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T able  31. Mean s h e l l  t h i c k n e s s  o f  eggs c o l l e c t e d  from m a l la rd
ducks f e d  a  r a t i o n  c o n ta in in g  m lrex  b a i t  ( J a n u a ry  30 -  
F eb ru a ry  20 , and March 7 -  March 17; 1 3 th -1 6 th  and 
1 9 th -2 0 th  weeks o f  f e e d in g )  .3./
T rea tm ent
Number o f  
Eggs Measured
Mean T h ickness  
(m icrons)
M irex (100 ppm) 313 309.7  (± 15 .15 )
M irex (1 ppm) 368 316 .5  (± 12 .33 )
C o n tro l 289 311 .8  (±  13 .81 )
T o ta l  970
a  /
— See ap pend ix  T ab les  XVI and XVII f o r  raw d a t a .
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T able  32. Mean s h e l l  w e ig h ts  o f  eggs c o l l e c t e d  from m a l la rd  
ducks fe d  a  r a t i o n  c o n ta in in g  m irex  (F eb ru ary  24 -  
March 6 ,  1972; 17 th  -  18 th  weeks o f  feeding)* —■'
T rea tm ent




Mirex (100 ppm) 201 5 .11  (± 0 .2 2 )
Mirex (1 ppm) 193 5 .2 3  (+ 0 .1 9 )
C o n tro l 183 5 .19  (± 0 .4 8 )
T o ta l  577
<1 /— See append ix  T able  XIX f o r  raw d a t a .
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T able  33. Number o f  eggs em bryonated from m a l la rd  ducks fe d  a
r a t i o n  c o n ta in in g  m irex  (March 16 -  March 25 , 1972;
2 0 th  -  2 1 s t  weeks o f  f e e d in g ) .  —'
R e p l ic a t io n
T reatm ent
M irex (1 ppm) Mirex (100 ppm) C o n tro l
1 10 13 12
2 12 13 12
3 15 16 15
4 15 12 11
5 15 14 15
6 9 16 16
T o ta l 76 (79.20%) 83 (86.48%) 82 (85.43%)
a/
A t o t a l  o f  16 eggs in c u b a te d  p e r  r e p l i c a t i o n  (96 p e r  t r e a t m e n t ) .
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o f  v a r ia n c e  r e v e a le d  a  n o n s i g n i f i c a n t  d i f f e r e n c e  i n  em bryonatlon  
between t r e a tm e n ts  (Appendix Table  XXI).
P e rc e n t  h a t c h a b i l i t y  was d e te rm in ed  on th e  b a s i s  o f  th e  
number o f  eggs em bryonated (T ab le  3 4 ) .  The 3 t r e a tm e n ts  e x p re s se d  
s i m i l a r  h a tc h in g  r a t e s .  P e rc e n t  h a t c h a b i l i t y  f o r  m irex  a t  1 and 
100 ppm was 83 .7  and 8 4 .8  r e s p e c t i v e l y .  The c o n t r o l  group had 
a  81.97. h a tc h in g  r a t e .  There  was a  n o n s i g n i f i c a n t  d i f f e r e n c e  
i n d i c a t e d  from a n a l y s i s  o f  v a r i a n c e  (Appendix T able  X X II).
D uring th e  2-week p o s t - h a t c h  p e r io d  a h ig h ly  s i g n i f i c a n t  
d i f f e r e n c e  was o b se rv ed  betw een t r e a tm e n ts  in  d u c k l in g  s u r v iv a l  
(T ab le  3 5 ) .  The c o n t r o l  group e x h i b i t e d  th e  h ig h e s t  s u r v iv a l  
r a t e  (95.7%) w h ile  th e  1 and 100 ppm m irex  t r e a tm e n ts  had 93.87. 
and  72.67. d u ck l in g  s u r v iv a l  r a t e s  r e s p e c t i v e l y  (T able  3 6 ) .  This  
r e p r e s e n te d  a 27.3% r e d u c t io n  i n  d u c k l in g  s u r v i v a l  from th e  
h ig h e r  m irex  t r e a tm e n t  in  com parison  to  c o n t r o l s .  Seventy d u c k l in g s  
h a tch e d  from the  100 ppm m irex  group and 19 d ie d  w i t h i n  14 d a y s .
Only 3 d ie d  ou t o f  68 in  th e  c o n t r o l  group and  3 ou t o f  65 in  
th e  1 ppm m irex t r e a tm e n t .
M irex R esidues
The a ccu m u la tio n  o f  m irex  in  eggs o f  m a l la rd s  i s  p r e s e n te d  
i n  Table  37. When m lrex  was fed  a t  th e  r a t e  o f  100 ppm f o r  18 
weeks a  c o n c e n t r a t i o n  o f  277 .3  ppm was d e t e c t e d  i n  eg g s .  A dm inis­
t r a t i o n  of 1 ppm m irex  r e s u l t e d  in  a cc u m u la t io n  o f  2 .39  ppm. Thus, 
m irex  was d e t e c t e d  in  eggs o f  m a l la rd s  a t  l e v e l s  2 .4  (1 ppm) and
2 .8  (100 ppm) f o l d ,  r e s p e c t i v e l y ,  above t h a t  fe d  i n  th e  d i e t .
R e s u l ts  of t i s s u e  a n a ly s e s  a r e  p r e s e n te d  in  T ab le  38.
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T able  34. P e rc e n t  h a t c h a b i l i t y  o f  eggs c o l l e c t e d  from m a l la rd
ducks fe d  a r a t i o n  c o n ta in in g  m irex  (March 16 -  March 
2 5 ,  1972; 2 0 th  -  2 1 s t  weeks o f  feeding)^ —'
R e p l i c a t io n
T reatm ent
M irex (1 ppm) M irex (100 ppm) C o n tro l
1 9 0 .0 92 .3 83 .3
2 8 3 .3 84 .6 91 .7
3 93 .3 8 0 .0 93 .8
4 86 .7 91 .7 54 .5
5 93 .3 78.6 86 .7
6 55 .6 81 .3 81 .3
T o ta l 83 .70 84.75 81 .88
a /
P e rc e n t  h a t c h a b i l i t y  b ased  on number o f  eggs em bryonated , no t 
on th e  number In c u b a te d .
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T ab le  35. A n a ly s is  o f  v a r ia n c e  o f p e r c e n t  d u c k l in g  s u r v i v a l .
Source d . f . Mean sq u a re s iip»
T rea tm en t 2 986.94 6 .3 6  **
E r ro r 15 155.18
T o ta l 17
■JU 4i
S i g n i f i c a n t  a t  th e  0 .0 1  l e v e l  o f  p r o b a b i l i t y .
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T ab le  36. P e rc e n t  s u r v i v a l  o f  ma 
p o s t - h a t c h  p e r io d .
H a r d  d u c k l in g s  o v e r  a 2-week
T rea tm en t
R e p l i c a t io n  M irex (1 ppm) M irex (100 ppm) C o n tro l
1 100.0 100.0 100.0
2 9 0 .0 81 .8 81 .8
3 92 .9 83 .3 100.0
4 100.0 54 .5 100.0
5 100.0 54.5 100.0
6 8 0 .0 61 .5 92 .3
Mean 93.82 72.60  y 95.68
SL t— P e rc e n t  s u r v i v a l  b ased  on th e  number o f d u c k l in g s  t h a t  h a tc h e d ,  
n o t  on th e  number o f  eggs in c u b a te d .
—̂  R educ tion  o f  23.1% over c o n t r o l s .
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T able  37. M lrex r e s id u e s  (ppm) In  eggs c o l l e c t e d  from m a l la rd
ducks f e d  a  r a t i o n  c o n ta in in g  m lrex  (March 2 t o  March 
6 ,  1972; 18 th  week o f  f e e d in g ) .
T rea tm en t
Number o f  
Eggs Sampled
M irex . 
Residue —
M irex (100 ppm) 12 277 .28
M lrex (1 ppm) 12 2 .39
C o n tro l 12 0 .07
a /
Whole egg a n a l y s i s .
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T able  38. M irex r e s id u e s  (ppm) in  m a l la rd  ducks fe d  a r a t i o n  
c o n ta i n in g  m irex  f o r  25 w eeks.
T rea tm en t
T issu e M irex (1 ppm) M irex (100 ppm) C o n tro l
B ra in 0.52 28.21 0 .02
M uscle ( b r e a s t ) 0 .57 37.28 0 .03
L iv e r 1 .47 308.00 0 .08
Wings —̂ 5 .49 362 .70 0 .52
Fat 30.12 2 ,9 6 4 .3 0 1 .48
a /
A n a ly s is  perfo rm ed  on whole wing minus f e a t h e r s .
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The o r d e r  o f  a cc u m u la t io n  o f  m irex  (from  lo w est  to  h ig h e s t )  
in  the  5 t i s s u e s  a n a ly z e d  w as; b r a i n ,  m u sc le ,  l i v e r ,  w in g s ,  and 
f a t .
In  th e  1 ppm g ro u p , b r a i n  and m uscle t i s s u e  had low l e v e l s
o f m irex  (0 .52  and 0 .57  ppm r e s p e c t i v e l y ) .  A pproxim ate ly  a 3 f o ld
in c r e a s e  over th e s e  l e v e l s  was d em o n s tra ted  in  h e p a t i c  t i s s u e  
(1 .47  ppm).
R e l a t i v e l y  h ig h  l e v e l s  o f  m irex  were found in  th e  t i s s u e  
from m a l la rd s  f e d  100 ppm m irex .  B ra in ,  m u sc le ,  and l i v e r  t i s s u e  
c o n ta in e d  2 8 .2 ,  3 7 .3 ,  and 308 .0  ppm, r e s p e c t i v e l y .  The amount 
d e te c te d  in  wings was 362.7  ppm w h i le  an  ex trem e ly  h igh  amount 
was found in  a d ip o se  t i s s u e  (2 ,9 6 4 .3  ppm).
M a lla rd s  n o t  r e c e iv in g  m irex  in  t h e i r  f e e d  s t i l l  accu m u la ted
low r e s i d u e s .  I n  b r a i n ,  m u sc le ,  and l i v e r ,  th e  amount was 0 .0 2 ,
0 .0 3 ,  and 0 .0 8  ppm, r e s p e c t i v e l y .  The m irex  l e v e l s  in  w ings and 
f a t  were 0 .52  and 1 .48  ppm, r e s p e c t i v e l y .
D is c u s s io n  o f  R e s u l t s
D ecreases  in  egg p r o d u c t io n ,  e g g s h e l l  t h i c k n e s s ,  and egg­
s h e l l  w e ig h t  have been  c i t e d  a s  i n c i p i e n t  f a c t o r s  in  p o p u la t io n  
d e c l in e s  of a  number o f b i r d  s p e c ie s  ( R a t c l i f f  1967, Hickey and 
Anderson 1968, P o r t e r  and Wiemeyer 1969, P e a k a l l  1970, and Cade 
e t  a l  1971).
In  th e  p r e s e n t  s tu d y  egg p r o d u c t io n ,  e g g s h e l l  t h i c k n e s s ,  
and s h e l l  w e ig h t  o f  m a l la rd s  were not -■’. f l e e t e d  by d i e t a r y  exposure  
t o  1 and 100 ppm m irex . R a t c l i f f  (1970) r e l a t e d  th e  d e c l i n e  o f
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th e  p e r e g r in e  f a l c o n  to  f a i l u r e  o f  fem a les  to  l a y  e g g s .  L ik ew ise ,  
G en e lly  e t  a l  (1958) and  A tk in s  and L inden  (1967) dem o n stra ted  
t h a t  d i e l d r i n  in d u ced  a  low er egg p r o d u c t io n  in  r in g -n e c k e d  
p h e a s a n t s ,  P h as ian u s  c o l c h i c u s . Egg p r o d u c t io n ,  how ever, was 
n o t  in f lu e n c e d  by m lrex  (T ab le  2 8 ) .  The number o f  eggs o b ta in e d  
from th e  1 ppm m irex  group (757) exceeded  t h a t  o f  c o n t r o l s  
(682) and o f  th e  100 ppm group (7 2 3 ) .  S im i la r  r e s u l t s  were 
r e p o r te d  by Naber and Ware (1965) a s  d om estic  hens were fe d  
m irex  a t  300 and 600 ppm w i th o u t  a  d e c re a se  i n  egg p ro d u c t io n .
S h e l l  t h i c k n e s s  was n o t  s i g n i f i c a n t l y  red u ced  by fe e d in g  
m irex  to  m a l la rd s  f o r  13 to  16 weeks (T ab le  29) o r  f o r  19 to  20 
weeks (T ab le  3 0 ) .  I n  f a c t ,  s h e l l s  were s l i g h t l y  t h i c k e r  (2 .1  
m ic rons) from th e  group fe d  m irex  a t  1 ppm compared t o  c o n t r o l s  
(based  on combined p e r i o d s ,  T ab le  3 0 ) .  There  i s  no com parable 
d a ta  in  the  l i t e r a t u r e  c o n ce rn in g  th e  e f f e c t  o f  m irex  on e g g s h e l l  
t h i c k n e s s .  However, th e  in f l u e n c e  of o th e r  o rg a n o c h lo r in e s  on 
s h e l l  t h i c k n e s s  o f  eggs from m a l la rd s  has  been  r e p o r t e d .  Heath e t  
a l  (1969) d em o n s tra ted  s h e l l  th in n in g  caused  by DDE exposure  a t  10 
and 40 ppm. Lehner and  E g b e r t  (1969) a l s o  r e p o r t e d  a  s i g n i f i c a n t  
d e c re a se  in  s h e l l  t h i c k n e s s  i n  m a l la rd s  f e d  d i e l d r i n  a t  1 . 6 ,  4 ,  
and 10 ppm. Balasubram aniam  (1971) found 23% t h i n n e r  e g g s h e l l s  
in  m a l la rd s  f e d  a d i e t  c o n ta in in g  40 ppm £ ,  j>' -DDE. I t  i s  a p p a re n t  
t h a t  a  w ide d i f f e r e n c e  e x i s t s  i n  th e  a c t i v i t y  o r  c a p a c i ty  of o rg an -  
o c h lo r in e s  t o  d i s r u p t  c a lc iu m  d e p o s i t i o n  in  e g g s h e l l s .
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C o r r e l a t i v e  ev id en ce  betw een a v ia n  p o p u la t io n  f a i l u r e s  and 
d e c re a se  In  e g g s h e l l  w e ig h t  has been p r e s e n te d  (B lus 1970,
Anderson and Hickey 1970). There  was no s i g n i f i c a n t  d i f f e r e n c e  
o b se rv ed  In  s h e l l  w e ig h ts  betw een t r e a tm e n ts  In  th e  p r e s e n t  s tu d y  
(T able  3 2 ) .  Mean w e ig h t  o f  e g g s h e l l s  from m a l la rd s  f e d  1 ppm 
m lrex  (5 .2 3  gms) was 1.07. h ig h e r  th a n  th e  mean w e ig h t  o f  e g g s h e l l s  
from th e  c o n t r o l  group (5 .19  gms). E g g s h e l l s  from m a l la rd s  fe d  
100 ppm m lrex  weighed 1.57. l e s s  th an  s h e l l s  from th e  c o n t r o l  group 
b u t  was n o t  s i g n i f i c a n t l y  d i f f e r e n t .  A h ig h ly  s i g n i f i c a n t  
(P = .01) l i n e a r  a s s o c i a t i o n  was found betw een e g g s h e l l  t h i c k ­
n ess  and  e g g s h e l l  w e ig h t  ( r  = .6 7 ) .  A s i m i l a r  r e l a t i o n s h i p  was 
found by Balasubramaniam (1 9 7 1 ) .
Eggs from each  t r e a tm e n t  were e l e c t r i c a l l y  in c u b a te d  and 
em bryonatlon  de te rm in ed  by c a n d l in g  th e  eggs a f t e r  2 weeks (T able  
3 3 ) .  Eggs from the  100 ppm m irex  t r e a tm e n t  e x h ib i t e d  th e  g r e a t e s t  
p e rc e n t  em bryonatlon  (8 6 .5 )  when compared to  eggs from c o n t r o l  
b i r d s  (8 5 .4 )  and th e  1 ppm group ( 7 9 .2 ) .  R e s u l t s  o b ta in e d  i n d i c a t e  
t h a t  m lrex  does n o t  a f f e c t  th e  f e r t i l i t y  o f  male o r  fem ale  m a l l a r d s .  
P e rc e n t  h a t c h a b i l i t y  was de te rm in ed  on th e  b a s i s  of t h e  number o f  
eggs em bryonated (T ab le  3 4 ) .  A gain , eggs from m a l la rd s  f e d  100 
ppm d is p la y e d  th e  g r e a t e s t  s u c c e s s .  In  t h a t  t r e a tm e n t  84.87. o f  
th e  em bryonated eggs h a tc h e d ,  compared t o  83.7% and 81.97. f o r  the  
1 ppm m irex  and c o n t r o l  g ro u p , r e s p e c t i v e l y .  Thus, h a tc h in g  r a t e s  
were n o t  in f lu e n c e d  by exposure  of p a r e n t a l  m a l la rd s  to  m irex .
Baker (1 9 6 7 ) ,  however, found f e r t i l i t y  and  h a t c h a b i l i t y  i n  q u a i l s
100
to  be I n v e r s e l y  r e l a t e d  t o  l e v e l  o f  m irex  e x p o su re .
There  was a  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  betw een t r e a tm e n ts  
in  d u c k l in g s  s u r v iv in g  a  2-week p o s t - h a t c h  p e r io d  (T ab les  35 and 
3 6 ) .  S u r v iv a l  o f  d u c k l in g s  from th e  100 ppm group was d e c re a se d  
27.3% o v e r  t h a t  o b se rv ed  i n  c o n t r o l  d u c k l in g s .  Seventy d u c k l in g s  
h a tch e d  from eggs i n  the  h ig h e r  m irex  group and 19 su b se q u e n t ly  
d ie d  ( w i th in  14 d a y s ) .  Only 3 o u t  o f  68 d ie d  i n  the  c o n t r o l  
group and 3 o f  65 i n  th e  1 ppm m irex  t r e a tm e n t .  Naber and Ware 
(1965) r e p o r t e d  t h a t  h a t c h a b i l i t y  in  c h ick e n s  was reduced  by 83 
p e rc e n t  and c h ic k  s u r v i v a l  by 75 p e r c e n t  a t  d i e t a r y  l e v e l s  o f  
300 and 600 ppm m irex .  Koeman e t  a l  (1967) r e l a t e d  r e d u c t io n  
in  c h ic k  s u r v i v a l  t o  o rg a n o c h lo r in e  l e v e l s  in  egg y o lk .  R esidues  
n o t  a f f e c t i n g  em bryonatlon  and h a tc h in g  may c o n c e n t r a t e  in  the  
y o lk  and r e s u l t  in  f l e d g l i n g  m o r t a l i t y .  The amount o f  m irex  
accum ula ted  in  eggs (b ased  on a n a ly s e s  o f  e n t i r e  eggs) approached
2 .8  t im es th e  amount i n  th e  d i e t  (T ab le  3 7 ) .
R e s u l t s  o f  th e  p r e s e n t  s tu d y  i n d i c a t e d  t h a t  m irex ,  consumed 
in  l a r g e  q u a n t i t i e s ,  has  th e  c a p a c i ty  to  induce  f l e d g l i n g  m o r t a l i t y .  
However, th e  r e l a t i o n s h i p  between m irex  r e s id u e s  in  eggs and 
d u c k l in g  m o r t a l i t y  r e q u i r e s  a more tho rough  ex am in a t io n .
Loss o f  m uscu lar  c o o r d in a t io n  ( a t a x i a )  was g iv en  by Tucker 
and C ra b tre e  (1970) a s  ev id en ce  o f  a c u te  m irex  p o iso n in g  in  
m a l l a r d s .  In  th e  p r e s e n t  s tu d y ,  how ever, a t a x i c  b e h a v io r  was n o t  
o b se rv ed  in  any of th e  d u c k l in g s  d u r in g  th e  14 day p o s t - h a t c h  
p e r io d .
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Feeding  m a l la rd s  1 and 100 ppm m lrex  f o r  25 weeks r e s u l t e d  
I n  c o n ta m in a t io n  o f  a l l  5 o f  th e  t i s s u e s  sam pled (T ab le  3 8 ) .  L eve ls  
in  b r a in  and m uscle  t i s s u e  were c o n s i s t e n t l y  below th e  d i e t a r y  
l e v e l ,  w hereas  th e  amount found in  th e  l i v e r ,  w in g s ,  and  a d ip o se  
t i s s u e  was w e l l  above th e  q u a n t i t y  a d m in i s t e r e d  i n  th e  d i e t .  Con­
c e n t r a t i o n  i n  l i v e r  o f  m a l la rd s  f e d  1 and  100 ppm m irex  was 1 .5  
and 3 .0  tim es t h a t  in  th e  d i e t  and in  w ings was 5 .5  and 3 .6  t im es  
th e  d i e t a r y  l e v e l .  The c o n c e n t r a t i o n  f a c t o r  i n  f a t  was much 
h ig h e r  (3 0 - f o ld )  when m irex  was a d m in is te r e d  a t  l e v e l s  o f  1 and 100 
ppm.
The a c c u m u la t io n  o f  2 ,9 6 4 .3 0  ppm m irex  in  a d ip o se  t i s s u e  o f  
m a l la rd s  fed  100 ppm r e p r e s e n t s  an ex trem e ly  h ig h  p e s t i c i d e  b u rd en . 
However, symptoms i n d i c a t i v e  o f  o rg a n o c h lo r in e  p o is o n in g  were no t 
e v id e n t  and th e s e  b i r d s  ap p ea re d  a s  h e a l th y  a s  th o s e  in  th e  o th e r  
t r e a tm e n t s .  I t  i s  n o t  u n p re c ed e n te d  f o r  b i r d s  to  c o n ta i n  h ig h  l e v e l s  
o f  o rg a n o c h lo r in e s  w i th o u t  v i s i b l e  symptoms. Hickey e t  a l  (1966) 
r e p o r te d  2 ,441  ppm DDT i n  f a t  o f  12 a p p a r e n t ly  h e a l th y  h e r r i n g  
g u l l s  c o l l e c t e d  from Lake M ich igan .
The use of w a te r fc w l  w ings to  m o n ito r  p e s t i c i d e  c o n te n t  was 
f i r s t  r e p o r te d  by Heath and P ro u ty  (1 9 6 7 ) .  Heath (1969) found DDE 
t o  be th e  p r e v a l e n t  r e s id u e  i n  o v e r  24 ,000  m a l la rd  and  b la c k  duck 
w ings . A h ig h ly  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  was r e p o r t e d  
by D indal and P e t e r l e  (1968) betw een t o t a l  DDT r e s id u e s  i n  w ings 
o f  m a l la rd s  and in  each  o f  10 body t i s s u e s  ( i n c lu d in g  b r a i n ,  
b r e a s t  m u sc le ,  l i v e r ,  and f a t ) .
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When m a l la rd s  were f e d  1 ppm m lrex  In  th e  p r e s e n t  s tu d y ,  r e s id u e s  
In  w ings were 1 0 .5  t im es  t h a t  In  th e  b r a i n ,  3 .7  t im es  th e  l e v e l  
i n  h e p a t i c  t i s s u e ,  and  ab o u t 18% o f  th e  amount d e t e c t e d  i n  f a t .
R esidue  a n a ly s e s  o f  m a l la rd s  f e d  100 ppm m irex  f o r  25 weeks 
r e v e a le d  t h a t  w ings accu m u la ted  13 t im es  th e  amount in  b r a i n ,  1 .2  
f o l d  i n c r e a s e  o v e r  th e  amount in  l i v e r ,  and  a p p ro x im a te ly  12% 
o f  t h a t  d e t e c t e d  i n  f a t .
The r e l a t i o n s h i p  o f  o r g a n o c h lo r in e  r e s i d u e s  to  b i r d  m o r t a l i t y  
was i n v e s t i g a t e d  by S t i c k e l  e t  a l  (1 9 6 6 ) ,  S t i c k e l  and S t i c k e l  (1 9 6 8 ) ,  
and S t i c k e l  e t  a l  (1 9 6 8 ) .  They c o n c lu d ed  t h a t  b r a i n  r e s id u e s  were 
f a r  s u p e r io r  a s  i n d i c a t o r s  of p e s t i c i d e  p o is o n in g  th a n  r e s id u e s  
from o th e r  t i s s u e s .  The low er c r i t i c a l  l i m i t  ( t h a t  l e v e l  a t  which 
p e s t i c i d e  p o is o n in g  may be s u s p e c te d )  f o r  d i e l d r i n  in  b r a i n  t i s s u e  
was s e t  a t  4 -  5 ppm ( S t i c k e l  e t  a l  1968) and  f o r  combined r e s id u e s  
o f  DDT -  DDD a t  30 ppm ( S t i c k e l  e t  a l  1966).
In  th e  p r e s e n t  s tu d y ,  m irex  re a ch e d  28 .21  ppm in  b r a i n  o f  
m a l la rd s  w i th o u t  a p p a r e n t  t o x i c i t y .  T hus, i t  a p p e a rs  t h a t  m irex  
p r e s e n t s  much l e s s  o f  a  h a z a rd  t o  b i r d s  th a n  t h a t  posed  by d i e l d r i n .  
M irex r e s id u e s  in  b r a i n  d id  n o t  a t t a i n  th e  c r i t i c a l  l e v e l  o f  DDT - 
DDD (30 ppm), t h e r e f o r e ,  c o r r e l a t i o n s  c an n o t be e s t a b l i s h e d .
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R< nmAgnlfjcation Study
Samples o f  b o th  a q u a t i c  and t e r r e s t r i a l  food  complexes were 
c o l l e c t e d  from B a rk sd a le  A ir  Force Base d u r in g  th e  autumn of 
1971.
R e s u l t s  o f  a n a ly s e s  f o r  m lrex  r e s id u e s  In  a q u a t i c  sam ples 
a r e  p r e s e n te d  In  T ab le  39. M lrex was n o t  d e t e c t e d  a t  0 .0 2  ppm 
In  a q u a t i c  p l a n t s  (duckweed, Lemna s p p . ,  and  pondweed, Potam oeeton 
s p p . ) .  T race  q u a n t i t i e s  (0 .0 1  -  0 .0 4  ppm) were found In  a q u a t i c  
s n a i l s ,  Campeloma s p p . ,  c r a w f i s h ,  O rco n ec te s  l a n c i f e r . t h r e a d f i n  
sh ad ,  Dorosoma p e t e n s e . minncws ( C y p r ln i d a e ) , c a t f i s h ,  I c t a l u r u s  
m e la s . sm a l l  b u l l f r o g s ,  Rana c a t e s b l a n a . and l e g  m uscle o f  l a r g e  
b u l l f r o g s .  A s l i g h t l y  l a r g e r  amount (0 .2 3  ppm) was o b ta in e d  from 
a com posite  l i v e r  sample from 4 l a r g e  b u l l f r o g s .  The g r e a t e s t  
amount o f  m irex  d e t e c t e d  in  a q u a t i c  sam ples was from s e v e r a l  
s p e c ie s  o f  bream , Lepomls s p p . ,  and  from 1 c h a in  p i c k e r e l ,  Esox 
n i c e r . Both sam ples c o n ta in e d  0 .7 0  ppm m irex  on a  whole body b a s i s .
R e s u l t s  o f  a n a ly s e s  on t e r r e s t r i a l  sam ples a r e  g iv en  in  Table  
40 . Small q u a n t i t i e s  o f  m irex  w ere d e t e c t e d  in  th e  2 h e rb iv o ro u s  
s p e c ie s  c o l l e c t e d .  In  com posite  sam ples from 4 r a b b i t s ,  S v lv i la c u s  
f l o r i d a n u s ,  m irex  was no t d e t e c t e d  a t  0 .0 5  ppm i n  f a t  and a t  0 .01  
ppm in  m uscle and  b r a i n  t i s s u e .  A sm a l l  amount (0 .02  ppm) was 
found in  h e p a t i c  t i s s u e .  In  6 w h i t e t a l l  d e e r ,  O doco ileus  
v i r c i n i a n u s . m irex  was n o t  d e t e c t e d  in  l i v e r  o r  m uscle ( a t  0 .01  
ppm) b u t  0 .1 3  ppm was found in  a d ip o se  t i s s u e .
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Table  39. R e s u l t s  o f  r e s id u e  a n a ly s e s  (ppm) o f  a q u a t i c  sam ples 







D e te c te d
Duckweed. Lemna s d d . 150 gms ND
Pondweed. Potam ogeton s d d . 150 gms ND
A a u a t ic  s n a i l s .  CamDeloma s d d . 100 -  150 <0.01
C ra w fish .  O rco n ec te s  l a n c i f e r 4 0 .01
T h r e a d f ln  sh ad .  Dorosoma D etense 1 0 .0 4
Minnows, C y p rin id a e 6 0 .01
C a t f i s h . ^  I c t a l u r u s  melas 5 0 .0 3
B u l l f r o g .  Rana c a t e s b i a n a  
Small —̂ 6 <0.01
Large 4
le g  muscle 0 .01
l i v e r 0 .23
Bream. LeDomls s d d . 13 0 .7 0
Chain D lc k e r e l .  Esox n ig e r 1 0 .7 0
A  /— E n t i r e  sample a n a ly z e d  u n le s s  o th e rw ise  I n d i c a t e d .  
None d e t e c t e d  a t  0 .0 2  ppm.
E n t i r e  sample minus s k in .
Table  40 . R e su l ts  of r e s id u e  a n a ly s e s  (ppm) of t e r r e s t r i a l  samples c o l l e c t e d  from 
B ark sd a le  A ir  Force B ase , August to  December, 1971.
Sample
R a b b i t ,  S v lv l la g u s  f lo r id a n u s
W h i t e - t a i l e d  d e e r ,  O docolleus v i r g l n ia n u s
Opossum, D id e lp h is  v i r g l n ia n u s  
Raccoon, Procvon l o t o r
C oyote, Canis l a t r a p s
Number T issu e  Mirex
C o l le c te d  Analyzed D e tec ted
l i v e r
f a t
muscle















l i v e r
f a t




l i v e r
f a t




—t No m irex d e te c te d  a t  0 .05  ppm. 
b /  No m irex d e te c te d  a t  0 .01  ppm.
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R e l a t i v e l y  l a r g e  q u a n t i t i e s  o f  m irex  were d e t e c t e d  in  th e  2 
ominvores and 1 c a rn iv o ro u s  s p e c ie s  c o l l e c t e d .  In  opossum,
D id e lp h is  v i r g l n i a n u s . l i v e r  on ly  0 .19  ppm was d e t e c t e d ,  however, 
a n a l y s i s  o f  opossum f a t  r e v e a le d  9 .47  ppm m irex .  L ik e w ise ,  low 
l e v e l s  were d e t e c t e d  i n  com posite  l i v e r  and b r a i n  sam ples from 3 
r a c c o o n s ,  P rocvon l o t o r . (0 .4 9  and 0 .31  ppm, r e s p e c t i v e l y ) .  The 
h ig h e s t  l e v e l  o f  m irex  d e t e c t e d  (73 .9 4  ppm) was found in  raccoon  
f a t  sam p les . One c o y o te ,  C anis  l a t r a n a . was c o l l e c t e d  and 0 .63  
ppm m irex  d e t e c t e d  i n  h e p a t i c  t i s s u e ,  0 .1 8  ppm i n  b r a i n ,  and 6 .0 0  
ppm i n  a d ip o se  t i s s u e .
D isc u s s io n  o f R e s u l t s
The q u a n t i t y  o f  o rg a n o c h lo r in e s  in  w i ld  v e r t e b r a t e s  i s  
g e n e r a l ly  r e l a t e d  to  food  h a b i t s ,  and p r im a r i l y  a  r e f l e c t i o n  o f  
c o n ta m in a t io n  o f  th e  food supp ly  (Dustman and S t i c k e l  1967). Thus, 
any w id e ly  u sed  o rg a n o c h lo r in e  may be ex p ec te d  to  accum ula te  in  
b i o t i c  food  w ebs. B u t l e r  (1964) n o te d  t h a t  m irex  was the  5 th  
most p r e v a l e n t  o rg a n o c h lo r in e  in  e s t u a r i e s  o f  A t l a n t i c ,  P a c i f i c ,  
and G u lf  c o a s t s  and th e  movement o f  m irex  w i t h i n  an  e s t u a r i n e  
ecosys tem  and su b se q u e n t  c o n c e n t r a t io n  in  food c h a in s  was r e p o r t e d  
by Duke (1 9 7 1 ) .
R e s u l t s  o f  t h i s  p r e l im in a r y  en v iro n m en ta l  s tu d y ,  a l th o u g h  
r a t h e r  f r a g m e n ta ry ,  co n f irm  r e p o r t s  t h a t  m irex  w i l l  accum ula te  
i n  a q u a t i c  ( f r e s h w a te r )  and t e r r e s t r i a l  food com plexes.
None o f  th e  sam ples c o l l e c t e d  from th e  a q u a t i c  community 
e x h ib i t e d  a  h igh  m irex  c o n te n t  (T able  3 9 ) .  However, an in c r e a s e
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was e v id e n t .  No m irex  was d e t e c t e d  In  a q u a t i c  p l a n t s  and  low l e v e l s  
(0 .1  -  0 .3  ppm) w ere  o b se rv ed  in  a q u a t i c  s n a i l s ,  c r a w f i s h ,  and 
n o n -p red a c io u s  f i s h .  Top c a r n iv o r e s  (bream and c h a in  p i c k e r e l )  
accum ula ted  th e  h i g h e s t  amounts o f  m lrex  (0 .7 0  ppm).
A c l e a r  d em arca tio n  was o b se rv ed  i n  th e  l e v e l s  o f  m lrex  in  
t e r r e s t r i a l  sam ples (T able  4 0 ) .  The 2 h e r b iv o r e s  ( r a b b i t s  and 
d e e r ) ,  which a r e  a l s o  p o p u la r  game s p e c i e s ,  d i s p la y e d  low l e v e l s  
of m irex  in  f a t  and  l i v e r  t i s s u e  (0 .0 2  -  0 .1 3  ppm) and no m irex  
was d e t e c t e d  in  muscle o f  th e s e  2 s p e c i e s .  These r e s u l t s  a r e  
s i m i l a r  to  th o se  r e p o r t e d  by W alker e t  a l  (1 9 6 5 ) .  They found t h a t  
l e v e l s  o f  DDT in  b ig  game ( a n t e lo p e ,  d e e r ,  e lk  moose, and  m ountain  
g o a t s )  were u s u a l l y  sm a l l  (0 .1  ppm) i n  f a t  and much low er i n  m uscle . 
S i m i l a r l y ,  Greenwood e t  a l  (1967) found an  a v e rag e  o f  0 .2  ppm DDT 
and i t s  m e ta b o l i t e s  in  23 w h i t e - t a i l e d  d e e r .
The rem a in in g  sam ples examined c o n ta in e d  a  much h ig h e r  m irex  
c o n te n t .  Both th e  opossum and racco o n  a r e  om nivores , and b o th  had 
accu m u la ted  r e l a t i v e l y  h ig h  m irex r e s id u e s  i n  f a t  (9 .47  ppm i n  th e  
opossum, and 7 3 .94  ppm in  th e  r a c c o o n ) .  The h ig h e s t  l e v e l s  o f  
m irex  d e t e c t e d  in  m uscle o f  raccoons  and opossum from South 
C a r o l in a  e s t u a r i e s  was 4 .4 0  ppm and  3 .3 0  ppm, r e s p e c t i v e l y  
(U.S. D epartm ent o f  I n t e r i o r  1971). Comparable l e v e l s  in  f a t  
were n o t  r e a l i z e d  ( range  o f 0 -  0 .97  ppm m lr e x ) .
There has been  r e l a t i v e l y  few r e p o r t s  o f  o rg a n o c h lo r in e  
a cc u m u la tio n  in  w i l d  c a n in e s .  Blackmore (1963) found an  av e rag e
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o f  5 .4  ppm d i e l d r l n  in  m uscle  o f  r e d  f o x e s ,  V ulnes v u l n e s . which d ie d  
from i n s e c t i c i d e  c o n ta m in a t io n  e i t h e r  i n  th e  f i e l d  o r  l a b o r a t o r y .
The m irex  c o n te n t  i n  th e  f a t  o f  a  c o y o te ,  a l th o u g h  c o n s id e r a b le  
( 6 .0  ppm), was n o t  a s  h ig h  a s  t h a t  in  th e  racco o n  o r  opossum.
P o s s i b l y ,  th e  d i f f e r e n t  fe e d in g  h a b i t s  o f  t h e s e  3 s p e c ie s  a cc o u n te d  
to  some e x te n t  f o r  th e  range  o f r e s id u e s  found .
SUMMARY
The E f f e c t  o f  M lrex on C raw fish  P ro d u c t io n  
On June 1 , 1971, 2 ,0 0 0  re d  c r a w f i s h ,  Procam barus c l a r k i  
( G i r a r d ) , were s to c k e d  In  20 e x p e r im e n ta l  r i c e  p l o t s  a t  th e  
R ice Experim ent S t a t i o n ,  C raw ley , L o u i s i a n a .  Each p l o t  was 
randomly a s s ig n e d  to  1 o f  4 t r e a tm e n t s :  (1 ) c o n v e n t io n a l  r i c e
i n s e c t i c i d e s ,  m a la th io n  and  c a r b o fu ra n ;  (2 )  m irex  a lo n e ;  (3) 
m irex  in  c o n ju n c t io n  w i th  m a la th io n  and c a r b o f u r a n ,  and ; (4) 
u n t r e a t e d  c o n t r o l s .  M irex  was a p p l i e d  i n  a  b a i t  f o r m u la t io n  
a t  th e  r a t e  o f  1 .25  pounds p e r  a c r e  i n  3 a p p l i c a t i o n s ,  a p p ro x ­
im a te ly  90 days a p a r t .
D uring F eb ru a ry  and  M arch, 1972, 19,356 c r a w f is h  (537 .19  
pounds) w ere  h a r v e s t e d .  The d i f f e r e n c e  o b se rv ed  among t r e a tm e n t s  
in  th e  number o f  c ra w f is h  c o l l e c t e d  was s t a t i s t i c a l l y  s i g n i f i c a n t  
(95% l e v e l  o f  p r o b a b i l i t y ) .  P l o t s  t r e a t e d  w i th  m irex  a lo n e  
p roduced  th e  l e a s t  number of c ra w f is h  ( 3 ,6 4 2 ) ,  w h e re a s ,  th e  g r e a t e s t  
number (5 ,6 6 7 )  was o b ta in e d  from c o n t r o l  p l o t s .  The t r e a tm e n t  
c o n s i s t i n g  o f  m ire x ,  m a la th io n ,  and c a r b o f u r a n ,  how ever, p roduced  
th e  second h ig h e s t  number o f  c ra w f is h  (5 ,6 3 7 ) ;  on ly  s l i g h t l y  below 
th e  t o t a l  c o l l e c t e d  from c o n t r o l  p l o t s .  O rthogona l com parisons  
o f  t r e a tm e n t  means i n d i c a t e d  t h a t  th e  d i f f e r e n c e s  among t r e a tm e n t s  
were n o t  due to  m irex  a c t i v i t y  and w e re ,  t h e r e f o r e ,  a t t r i b u t e d  
to  n a t u r a l  v a r i a t i o n  a n d /o r  sam pling  e r r o r .
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The d i s p a r i t y  betw een t r e a tm e n t s  in  c r a w f i s h  s i z e ,  sex  r a t i o ,  
and  w e ig h t  y i e l d  was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .
S i g n i f i c a n t l y  h ig h e r  m irex  r e s id u e s  accu m u la ted  in  c r a w f i s h  
from m irex  t r e a t e d  v e r s u s  u n t r e a t e d  p l o t s .  Average r e s id u e  in  
c ra w f ish  from a l l  m irex  p l o t s  was 0 .248  ppm, w hich i s  above th e  
government e s t a b l i s h e d  t o l e r a n c e  f o r  m irex  i n  f a t  o f  r e d  meat 
(0 .1  ppm), b u t  o n ly  1.17. o f  th e  t h e o r e t i c a l  maximum of t e c h n i c a l  
m irex  a v a i l a b l e .
The E f f e c t  o f  M irex on Channel C a t f i s h  P ro d u c t io n
Channel c a t f i s h ,  I c t a l u r u s  p u n c ta tu s  ( R a f in e s q u e ) , were  
s to c k e d  a t  th e  r a t e  o f  2 ,0 0 0  p e r  a c r e  in  8 ponds a t  Beechwood F ish  
H a tc h e r i e s ,  LeCompte, L o u is ia n a  on J u ly  1 , 1971. M irex b a i t  was 
a p p l i e d  t o  4 ponds in  3 a p p l i c a t i o n s  (a p p ro x im a te ly  90 days a p a r t )  
a t  th e  r a t e  o f  1 .25  pounds p e r  a c r e .  The rem a in in g  4 ponds s e rv e d  
a s  c o n t r o l s .  A l l  ponds were su b s e q u e n t ly  sampled on O ctober 23 ,
1971 and F eb ru a ry  9 ,  1972 and d ra in e d  on A p r i l  2 6 ,  1972. C a t f i s h  
were c o l l e c t e d  f o r  w e ig h t ,  l e n g t h ,  and r e s id u e  d e te r m in a t io n .
D i f f e r e n c e s  o b se rv ed  betw een t r e a tm e n ts  i n  c a t f i s h  s u r v i v a l ,  
w e ig h t  y i e l d  ( l b s / a c r e ) ,  and l e n g th  were n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  
The number o f  c a t f i s h  s u r v iv in g  i n  m irex  t r e a t e d  ponds (43.337.) was 
c o n s id e ra b ly  l e s s  th a n  t h a t  s u r v iv in g  from c o n t r o l  ponds (68 .987 .) .
The d i f f e r e n c e  betw een t r e a tm e n ts  in  c a t f i s h  w e ig h t  was i n v e r s e l y  
r e l a t e d  t o  th e  le n g th  o f  e x p o su re .  A 17.9% d i s p a r i t y  i n  w e ig h t  was 
re c o rd e d  betw een t r e a t e d  and c o n t r o l  f i s h  su b seq u en t  to  th e  f i n a l  
m irex  a p p l i c a t i o n .  An o p p o s i te  r e s p o n s e ,  how ever, was n o te d  in
I l l
c a t f i s h  l e n g th .  V a r i a b i l i t y  e x h i b i t e d  betw een t r e a tm e n ts  was 
g r e a t e s t  a f t e r  th e  i n i t i a l  m irex  a p p l i c a t i o n  (X - 1 0 .4  mm) and 
d e c l in e d  t h e r e a f t e r  u n t i l  on ly  a  sm a l l  d i f f e r e n c e  (X - 0 .2  mm) 
was o b ta in e d  su b seq u en t  t o  th e  f i n a l  m irex  t r e a tm e n t .
R e l a t i v e l y  low l e v e l s  o f  m irex  w ere  d e t e c t e d  i n  e d ib l e  
p o r t i o n s  o f  c a t f i s h  from t r e a t e d  ponds (X 0 .018  ppm). However, 
b a sed  on a  3.17. f a t  c o n te n t  in  c a t f i s h  m u sc le ,  and assum ing t h a t  
m irex  c o n c e n t r a t e d  i n  l i p i d  t i s s u e ,  th e  ob se rv ed  r e s id u e s  in  
c a t f i s h  m uscle exceeded  th e  e s t a b l i s h e d  to l e r a n c e  f o r  f a t  o f  re d  
meat (0 .1  ppm).
The I n f lu e n c e  o f  M irex on M a l la rd  R eproduction
M irex b a i t  was a d m in i s t e r e d  in  th e  d i e t  o f  m a l l a r d s ,  Anas 
p la tv rh v n c h o s  L . ,  a t  0 ,  1 , and  100 ppm f o r  25 w eeks. Com parative 
m easurements were o b ta in e d  on egg p r o d u c t io n ,  s h e l l  t h i c k n e s s ,  s h e l l  
w e ig h t ,  em b ry o n a tlo n , h a t c h a b i l i t y , and d u c k l in g  s u r v i v a l .  A na lyses  
o f  v a r i a n c e  r e v e a le d  n o n s i g n i f i c a n t  d i f f e r e n c e s  among t r e a tm e n ts  on 
a l l  v a r i a b l e s  e x c e p t  d u c k l in g  s u r v i v a l ,  w hich was h ig h ly  s i g n i f i c a n t  
(0.017. l e v e l  o f  p r o b a b i l i t y ) .
Of 2 ,162 eggs c o l l e c t e d  d u r in g  an  8 ^ /e e k  la y in g  p e r i o d ,  757 
were from ducks fe d  1 ppm m ire x ,  723 from th o se  fed  100 ppm, and 
682 eggs were o b ta in e d  from m a l la rd s  t h a t  had r e c e iv e d  no m irex  in  
t h e i r  d i e t .
S h e l l  th i c k n e s s  and  w e ig h t  w ere  n o t  n o ta b ly  re d u c ed .  S h e l l s  
were s l i g h t l y  t h i c k e r  (+2 .1  m ic ro n s )  and h e a v ie r  (+ .04  gms) from th e  
group fed  1 ppm in  com parison  to  e g g s h e l l s  from c o n t r o l s .  Ducks fed  
100 ppm m irex  produced  eggs w hich had 0.677. t h i n n e r  s h e l l s  and were 
1.57. l i g h t e r  th a n  th o s e  from c o n t r o l s .
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Data o b ta in e d  on em bryona tion  I n d i c a t e d  t h a t  m irex  does n o t  
a f f e c t  f e r t i l i t y  o f  hen a n d /o r  d rake  m a l l a r d s .  Eggs from th e  100 
ppm group e x h i b i t e d  th e  g r e a t e s t  p e r c e n t  em bryona tion  (8 6 .5 )  
compared to  eggs from c o n t r o l s  (8 5 .4 )  and  from th e  1 ppm group 
( 7 9 .2 ) .
P e rc e n t  h a t c h a b i l i t y  (b ased  on th e  number o f  eggs em bryonated) 
from m a l la rd s  fe d  0 ,  1 ,  and  100 ppm m irex  was 8 1 .9 ,  8 3 .7 ,  and 8 4 .8 ,  
r e s p e c t i v e l y .
The number o f  d u c k l in g s  t h a t  d ie d  d u r in g  a  2 -week p o s t - h a t c h  
p e r io d  from th e  3 t r e a tm e n ts  w ere: 3 ou t o f  65 f o r  th e  c o n t r o l s ;
3 ou t o f  68 f o r  th e  1 ppm g ro u p , and ; 19 o u t  o f  70 f o r  th e  ducks 
fed  m irex  a t  100 ppm. These d a ta  su g g e s t  t h a t  m ire x ,  consumed in  
l a r g e  q u a n t i t i e s ,  has  th e  c a p a c i ty  t o  induce  d u c k l in g  m o r t a l i t y .
I n c o r p o r a t in g  m irex  in  th e  d i e t  o f  m a l la rd s  r e s u l t e d  i n  
c o n ta m in a t io n  o f  eggs and o f  a l l  5 o f  th e  t i s s u e s  a n a ly z e d .  Mirex 
r e s id u e s  i n  eggs were 2 .4  -  2 .8  t im es  th e  d i e t a r y  l e v e l s  a f t e r  18 
w eeks. L ik e w ise ,  amounts d e t e c t e d  i n  l i v e r ,  f a t , a n d  w ings were 
w e l l  above th e  q u a n t i t i e s  a d m in i s t e r e d  (1 .5  -  30 f o ld  i n c r e a s e ) .  
A ccum ulation  in  b r a i n  and m uscle t i s s u e  were c o n s i s t e n t l y  below th e  
d i e t a r y  l e v e l .
The h i g h e s t  m irex  r e s id u e  was d e t e c t e d  in  a d ip o se  t i s s u e  
from m a l la rd s  f e d  100 ppm. R e s u l t s  o f  g a s - l i q u i d  ch ro m ato g rap h ic  
a n a l y s i s  r e v e a le d  2 ,9 6 4 .3  ppm in  f a t  o f  a  com posite  sample o f  ducks 
from each  r e p l i c a t i o n .  However, no t o x i c  symptoms were a s s o c i a t e d  
w i th  m irex  e x p o su re .
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M irex B lom agnlf1c a t i o n  
The llm lC ed r e s u l t s  o f  t h i s  p r e l im in a r y  I n v e s t i g a t i o n  
i n d i c a t e d  t h a t  m irex  w i l l  accum ula te  s e q u e n t i a l l y  In  food  com plexes. 
Samples from a q u a t i c  and  t e r r e s t r i a l  ecosys tem s were c o l l e c t e d  
from B ark sd a le  A ir  Fore Base (an  a r e a  w i th  a  h i s t o r y  o f  m irex  
a p p l i c a t i o n )  d u r in g  th e  autumn o f  1971. These sam ples were 
a n a ly z e d  f o r  m irex  r e s id u e s  u s in g  g a s - l i q u i d  chrom atography . 
C o n c e n t ra t io n  was e v id en ced  i n  b o th  a q u a t i c  and  t e r r e s t r i a l  
com m unities . No m irex  was d e te c te d  in  a q u a t i c  p l a n t s  and low 
l e v e l s  were o b se rv ed  in  a q u a t i c  s n a i l s ,  c r a w f i s h ,  and non- 
p re d a c io u s  f i s h .  Top c a r n iv o r e s  (bream and c h a in  p i c k e r e l )  
accu m u la ted  0 .7  ppm. Low l e v e l s  were found i n  f a t  and l i v e r  o f  
2 h e r b iv o r e s  ( r a b b i t  and d e e r )  b u t  none was d e t e c t e d  i n  muscle 
t i s s u e .  Omnivorous s p e c ie s  (opposum and racco o n )  e x h i b i t e d  th e  
h ig h e s t  l e v e l s  (9 .4 7  and 73 .94  ppm i n  f a t ,  r e s p e c t i v e l y ) .  The 
m irex  c o n te n t  in  f a t  o f a  coyote  was 6 .0  ppm.
G enera l C o n s id e ra t io n s  
S e v e ra l  c h a r a c t e r i s t i c s  o f  m irex  were n o te d  in  th e  4 s t u d i e s  
p r e s e n te d  h e r e in :
(1) The a c c u m u la t io n  o f  m irex  i n  f a t  was co m p ara t iv e ly  
h ig h e r  th a n  t h a t  in  o th e r  t i s s u e s  and was e s p e c i a l l y  pronounced 
in  m a l l a r d s ,  opposum, ra c co o n , and c o y o te .  These r e s u l t s  
d em o n s tra te  th e  a f f i n i t y  o f  m irex f o r  l i p i d  m a t e r i a l s .
(2) M irex was d e t e c t e d  in  eggs o f  snakes  and t u r t l e s  found 
in  m i r e x - t r e a t e d  c ra w f ish  p l o t s ,  c a t f i s h ,  and m a l la rd  ducks.
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R esidues  were found In  eggs o f r e p t i l e s  when u n d e te c te d  In  o th e r  
t i s s u e s  and h ig h  m irex  c o n c e n t r a t i o n  In  m a l la rd  eggs was d i r e c t l y  
a s s o c i a t e d  w i th  d u c k l in g  m o r t a l i t y .  The r e l a t i o n s h i p  betw een egg 
r e s id u e s  and m o r t a l i t y  r e q u i r e s  f u r t h e r  ex am in a t io n .
(3) B io m a g n if ic a t io n  o f  m irex  was i n d i c a t e d  in  a l l  4 
s t u d i e s .  A p p a ren t ly  i t  i s  in c o r p o r a te d  r a p i d l y  and ten d s  to  
p e r s i s t  f o r  long  p e r io d s  i n  an im al t i s s u e ;  c o n c e n t r a t in g  in  
h ig h e r  t r o p h i c  l e v e l s .
(4) In  th e  3 c o n t r o l l e d  s t u d i e s ,  m irex  was d e te c te d  i n  sam ples 
n o t  s u b je c te d  to  d i r e c t  e x p o su re .  F u r th e r  i n v e s t i g a t i o n  i s  needed
to  d e te rm ine  th e  e f f e c t s  and mechanisms o f c r o s s - c o n ta m in a t io n .
(5) In  th e  c ra w f ish  and c a t f i s h  s t u d i e s ,  on ly  a  sm all  
p e rc e n ta g e  o f  th e  t o t a l  m irex  a p p l i e d  was re c o v e re d  in  an im al 
t i s s u e .  Very l i t t l e ,  i f  a n y ,  was su b se q u e n t ly  d e t e c t e d  in  p o s t ­
t r e a tm e n t  s o i l ,  w a t e r ,  o r  v e g e t a t i v e  sam ples . The f a t e  o f  m irex 
i n  a q u a t i c  e co sy s tem s ,  t h u s ,  w a r r a n t s  f u r t h e r  e l u c i d a t i o n .
(6) Three  a p p l i c a t i o n s  of m irex  b a i t  (0.3% t e c h n i c a l  m a t e r i a l )  
a t  1 .25 pounds p e r  a c r e  p e r  a p p l i c a t i o n  t o  ponds u sed  in  c ra w f ish  
and c a t f i s h  p r o d u c t io n  r e s u l t e d  i n  r e s id u e s  e x ceed in g  the  government 
e s t a b l i s h e d  to l e r a n c e  f o r  f a t  o f  r e d  meat (0 .1  ppm).
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T ab le  I .  A n a ly s is  o f  v a r ia n c e  o f  c ra w f is h  w e ig h t  c o l l e c t e d  
d u r in g  F eb ru a ry  and March, 1972.
Source d . f . Mean sq u a re s itpii
T rea tm ent 3 68.42 2 .4 8  NS
E r ro r 16 27.49
T o ta l 19
NS = N o n s ig n i f ic a n t  a t  th e  0 .05  l e v e l  o f  p r o b a b i l i t y .
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T ab le  I I .  A n a ly s is  o£ v a r ia n c e  o f  p e r c e n t  m ale c ra w f is h
c o l l e c t e d  from Jan u a ry  31 to  F eb ru a ry  14, 1972.
Source d . f .  Mean sq u a re s  "F"
T rea tm en t 3 31 .24  1.49 NS
E r ro r  16 20.94
T o ta l 19
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T ab le  I I I .  A n a ly s is  o f  v a r ia n c e  of c a ra p a c e  le n g th s  o f  c ra w f is h  
c o l l e c t e d  on F eb ru a ry  6 , 1972.
Source d . f .  Mean s q u a re s  "F"
T reatm ent 3 3 .1 8  1.64 NS
E r ro r  16 1.94
T o ta l 19
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T ab le  IV. A n a ly s is  o f  v a r ia n c e  of. c a ra p a c e  le n g th s  o f  c ra w f ish  
c o l l e c t e d  on F eb ru a ry  20, 1972.
Source d . f .  Mean s q u a re s  "F"
T rea tm en t 3 .263 0 .13  NS
E r ro r  16 2 .020
T o ta l 19
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T ab le  V. A n a ly s is o f v a r ia n c e of c a t f i s h  s u r v i v a l .
Source d . f . Mean sq u a re s iipn
T rea tm ent 1 1315.85 5 . i 5  ^
E rro r 6 255.42
T o ta l 7
a /
Not s i g n i f i c a n t  (P = . 0 5 ) ,  however, does ap p ro ach  th e  t a b u l a r  
v a lu e  of 5 .9 9 .
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T able  VI. A n a ly s is  o f  v a r i a n c e  o f  c a t f i s h  w e ig h t  y i e l d .
Source d . f .  Mean sq u a re s  "F"
T reatm ent 1 7 1 ,1 5 8 .8  2 .5 6  NS
E r ro r  6 2 7 ,7 7 8 .4
T o ta l 7
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T ab le  V II .  A n a ly s is  o f  v a r ia n c e  o f  c a t f i s h  le n g th .
Source d . f .  Mean sq u a re s  "F"
T reatm ent 1 0 .1250  0 .0001 NS
E r ro r  6 2190.52
T o ta l 7
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Table  V I I I .  Weight (gms) and le n g th  (mm) o f channe l c a t f i s h  
c o l l e c t e d  from e x p e r im e n ta l  ponds a t  Beechwood 
f i s h  h a t c h e r i e s ,  LeCompte, L o u is ia n a  on O ctober 
23, 1971.
R e p l i c a t io n
T rea tm en t
Mirex C o n tro l
w e igh t le n g th w eigh t le n g th
1 179.8 2 0 4 .0 156.0 195.0
194.5 223 .0 76 .0 168.0
2 92.3 178.0 228.5 2 3 6 .0
- - 123.0 188.0
3 148.3 194.0 134.4 192.0
108.7 183.0 102.5 180.0
4 45.5 138.0 98.6 192.0
68 .3 151.0 123.8 185.0
1 3 5
T able  IX. W eight (gms) and le n g th  (mm) o f  ch an n e l  c a t f i s h  
c o l l e c t e d  from e x p e r im e n ta l  ponds a t  Beechwood 
F is h  H a tc h e r i e s ,  LeCompte, L o u is ia n a  on F eb ru a ry  
9, 1972.
T rea tm en t
 M lrex________ C o n tro l_____
R e p l i c a t io n  w e ig h t  l e n g th  w e ig h t  le n g th
2 2 0 .0  2 3 3 .0  145.0  194.0
181.4  2 0 7 .0  178.3 223 .0
56.7  151.0
86.7  180.0  2 3 2 .8  246 .0
4 5 .5  142.0
156.3 2 1 0 .0  95 .6  179.0
132.2 2 0 9 .0  128.6 205 .0
159.4 218 .0
133.6 200 .0
2 6 6 .0  260 .0
196.0  229 .0
96.1  185.0
2 9 .1  125.0  112.0  195.0
4 2 .5  143.0 169.6 212 .0





T ab le  X. Length  (ran) and t o t a l  w e ig h t  (gms) o f  c h an n e l  
c a t f i s h  c o l l e c t e d  from e x p e r im e n ta l  ponds a t  
Beechwood F is h  H a tc h e r i e s ,  LeConpte, L o u is ia n a  
on A p r i l  26 , 1972.
T rea tm en t
_______M lrex_______  C o n tro l_______
R e p l i c a t i o n  t o t a l  wt l e n g th  t o t a l  w t l e n g th
190.5 1 5 ,5 7 2 .2  165.1 21 5 .9 177 .8
203 .2 152.4 203.2 190.5
21 5 .9 177.8 215 .9 215 .9
228 .6 228 .6 241 .3 228 .6
215 .9 165.1 177.8 21 5 .9
190.5 190.5 241 .3 177.8
228 .6 203 .2 203 .2 190.5
165.1 203.2 203 .2
165.1 190.5 2 4 1 .3
2 4 1 .3 177.8 152 .4
190.5 228 .6 2 4 1 .3
190.5 241 .3 190.5
228 .6 215 .9 203 .2
203 .2 190.5 139.7
139.7 215 .9 177 .8
165.1 177.8 2 1 5 .9
228 .6 165.1 165.1
190.5 25 4 .0 2 4 1 .3
190.5 228 .6 2 1 5 .9
228 .6 2 1 5 .9 177.8
(c o n t in u e d  on n e x t  page)
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Table X. (con tin u ed )
T rea tm en t
______ M lrex_______  C o n tro l_________
R e p l i c a t io n  t o t a l  wt l e n g th  t o t a l  wt le n g th
177.8 165.1 152.4
165.1 228 .6 203 .2
190.5 203 .2 190.5
203 .2 177.8 165.1
2 1 5 .9 177.8 215 .9
165.1 177.8 2 5 4 .0
177.8 177.8 2 03 .2
1 77 .8 2 15 .9 2 15 .9
2 03 .2 152.4 190.5
2 1 5 .9 203 .2 177.8
203 .2 228 .6 177.8
177.8 2 1 5 .9 203.2
2 2 8 .6 190.5 2 5 4 .0
177 .8 228 .6 203 .2
177.8 165.1 203 .2
203 .2 203 .2 215 .9
203 .2 203 .2 177.8
139.7 228 .6 190.5
190.5 203 .2 203 .2
165.1 190.5 152.4
(c o n t in u e d  on n e x t  page)
T able X. (con tin u ed )
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T rea tm en t
_________M lrex____________   C o n tro l__________




25 4 .0 215 .9 7 ,4 4 5 .6 241 .3 177.8
203 .2 203 .2 215 .9 279 .4
215 .9 215 .9 279 .4 2 5 4 .0
2 4 1 .3 215 .9 190.5 266.7
2 7 9 .4 190.5 2 5 4 .0 215 .9
228 .6 292 .1 27 9 .4 215 .9
215 .9 228 .6 2 5 4 .0 2 41 .3
228 .6 215 .9 228 .6 215 .9
190.5 228.6 2 7 9 .4 25 4 .0
228 .6 228 .6 304 .8 2 5 4 .0
177.8 177.8 2 7 9 .4 215 .9
203 .2 177.8 2 5 4 .0 215 .9
2 2  a .  6 190.5 24 1 .3 266.7
2 1 5 .9 165.1 2 5 4 .0 241 .3
190.5 2 7 9 .4 228 .6
266.7 241 .3
2 5 4 .0 254 .0
228 .6 177.8
(c o n t in u e d  on next page)
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Table ,X. (con tln u  d)
_________________________ T rea tm en t__________________________
_________ M lrex_____________   C o n tro l___________
R e p l i c a t i o n  t o t a l  wt l e n g th  t o t a l  wt l e n g th
2 4 1 .3  177.8
7 ,2 6 4 .0
6 ,0 3 8 .2
317 .5 304 .8 7 ,5 8 1 .8 241 .3 228 .6
292 .1 2 7 9 .4 2 5 4 .0 190.5
2 7 9 .4 2 5 4 .0 24 1 .3 3 0 4 .8
228.6 266 .7 2 9 2 .1 2 5 4 .0
2 5 4 .0 2 4 1 .3 3 0 4 .8 228 .6
3 04 .8 317 .5 317.5 228 .6
2 54 .0 228 .6 2 7 9 .4 266.7
279.4 215 .9 2 9 2 .1 2 7 9 .4
266.7 266 .7 2 5 4 .0 2 1 5 .9
215 .9 228 .6 2 5 4 .0 266 .7
3 04 .8 317.5 317 .5 2 7 9 .4
292 .1 266.7
2 5 4 .0 292 .1
2 7 9 .4 2 1 5 .9
2 5 4 .0 2 5 4 .0 8 ,1 7 2 .0 2 7 9 .4 292 .1
228 .6 2 7 9 .4 317.5 330.5
228 .6 317 .5 2 7 9 .4 266.7
3 04 .8 2 4 1 .3 2 7 9 .4 203 .2
(c o n t in u e d  on n ex t  pag<
Table X. (con tin u ed )
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T rea tm en t
_________ M lrex____________   C o n tro l______
R e p l i c a t i o n  t o t a l  wt l e n g th  t o t a l  wt le n g th
2 7 9 .4 2 54 .0 393.7 2 7 9 .4
2 79 .4 266.7 304.8 304 .8
190.5 215 .9 228.6 266.7
279 .4 266.7 304 .8 292.1
266 .7 304 .8 330.2 266.7
228 .6 304 .8 215 .9 228.6
215 .9 279 .4 330.2 317.5
2 7 9 .4 292 .1 266.7 228.6
241 .3
Table XI. Mean w eights (gms) o f bream, Lepomis s p p ., c o l le c te d  from experim ental
ponds a t Beechwood F ish  H atch eries, LeCompte, L ou isiana .
C o l le c t io n  _______________ R e p l i c a t io n _____________
Date Treatm ent 1 2  3 4
O ctober 23, 1971 Mirex 20 .1  20 .7  9 .7  18.9
C o n tro l  31 .0  22 .9  17.5 20.2
F ebruary  9 , 1972 Mirex 9 .3  3 1 .4  23 .8  11.9
C o n tro l  24 .1  54 .3  19.9 20.6
A p r i l  26, 1972 Mirex 19 .0  24.5  37.7  21.5
C o n tro l  4 8 .4  4 8 .9  28.1  25.9
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T ab le  X I I .  Mean w e ig h ts  o f  bream , Lepomis s p p . ,  c o l l e c t e d  on 
A p r i l  26, 1972 a t  Beechwood F i s h  H a tc h e r i e s ,  
LeCompte, L o u is ia n a .
T rea tm en t
M irex_______  C o n tro l_____
R e p l i c a t io n  number w e ig h t  (gms) number w e ig h t  (gms)
1 86 19.0 92 4 8 .4
2 52 24.5 26 4 8 .9
3 123 37.7 79 28.1
4 182 21.5 112 25 .9
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T ab le  X I I I .  M lrex r e s id u e s  (ppm) In  m uscle  o f  ch an n e l  c a t f i s h  
c o l l e c t e d  on A p r i l  26, 1972 from e x p e r im e n ta l  
ponds a t  Beechwood F is h  H a tc h e r i e s ,  LeCompte, 
L o u is ia n a .
R e p l i c a t io n
T rea tm en t
Mirex C o n tro l
1 0 .02 ND -
2 0 .01 ND
3 0.02 ND
4 0.01 ND
None d e te c te d  a t  s e n s i t i v i t y  l e v e l  o f  0 .01  ppm.
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T ab le  XIV. A n a ly s is  o f  v a r ia n c e  o f  bream, Lepomis s p p . ,  
w e ig h t  c o l l e c t e d  on A p r i l  26, 1972.
Source  d . f .  Mean s q u a re s  "F"
T rea tm en t 1 297.31 2 .64  NS
E r ro r  6 112.66
T o ta l 7
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T ab le  XV. A n a ly s is  o f  v a r ia n c e  o f  m a lla rd  egg p ro d u c tio n .
Source d . f .  Mean sq u a re s  "F"
T reatm en t 2 235.06  0 .26  NS
E rro r  15 902.11
T o ta l 17
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T ab le  XVI'. S h e l l  th ic k n e s s  (m ic ro n s) o f  eggs c o l l e c te d  from 
Ja n u a ry  30 to  F eb ru a ry  2 0 , 1972 from  m a lla rd s  fed  
a  d i e t  c o n ta in in g  m irex  f o r  13 to  16 w eeks.
T reatm en t
R e p l ic a t io n  M irex  (100 ppm) M irex (1 .0  ppm) C o n tro l
271 288 348 348 295 237
264 277 325 300 307 312
279 290 338 307 259 292
267 290 331 338 258 300
264 277 281 321 297 282
297 292 295 278 297 302
293 269 328 320 304
277 264 309 325
295 262 331 344
295 283 347 302










(continued  on next page)
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Table XVI. (con tin u ed )
T rea tm en t
R e p l ic a t io n  M irex (100 ppm) M lrex  (1 .0  ppm) C o n tro l
2 340 315 325 282 351 356
320 321 291 290 330 201
329 282 305 298 314 343
262 334 267 292 351 274
330 318 274 302 351 371
312 312 312 307 353 364
333 311 315 295 280 335
297 335 324 302 323 318
291 307 306 333 282 297
302 310 307 315 352 348
279 310 279 302 307








269 323 305 326
307 334 300 340
(continued  on next page)
Table XVI. (continued)
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T rea tm en t
R e p l ic a t io n  M irex  (100 ppm) M irex  (1 .0  ppm) C o n tro l
293 330 348 201 305 300
319 319 333 340 315 348
277 300 234 249 318 328
272 277 297 312 284 312
312 306 302 2 84 353 312
298 325 306 293 301 345
286 307 286 293 326 315
305 318 320 348 316 335
290 293 295 302
305 283 315 328
300 310 328 320
279 279 305 315





4 287 320 305 287 305 318
311 295 309 257 307 328
(continued  on next page)
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Table XVI. (con tin u ed )
T rea tm en t
R e p l ic a t io n  M irex  (100 ppm) M irex (1 .0  ppm) C o n tro l
323 344 309 318 304 315
326 295 330 328 307 297
284 312 297 328 305 230
296 329 262 300 302 309
300 305 325 265 325 305
323 ?86 328 297 314 302
285 325 267 329 284 329














(c o n tin u e d on n ex t page) 311
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Table XVI. (con tin u ed )
__________________________ T rea tm en t______________________
R e p l ic a t io n  M lrex  (100 ppm) M lrex  (1 .0  ppm) C o n tro l
306 307 318 363 251 318
305 305 348 333 328 318
273 296 301 340 320 305
300 287 315 315 269 284
297 318 315 290 295 262
310 300 335 342 297 286















(co n t in u e d  on n ex t  page)
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Table XVI. (con tin u ed )
T rea tm en t




6 315 305 351 335 273 274
277 312 338 320 302 297
301 315 351 359 287 310
292 312 345 340 326 310
297 304 345 323 312 296
284 307 329 267 318 297
318 310 300 348 310 306
309 300 312 342 297 312
299 321 367 351 297 269
285 263 320 311 263 307
287 274 310 315
276 282 305 344
300 279 340 343
292 278 338 306
302 296 318 333
305 262 277 352
296 269 311 307
(c o n t in u e d  on n ex t  page)
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T ab le  XVI. (c o n tin u e d )
T rea tm en t
R e p l ic a t io n  M irex  (100 ppm) M lrex  (1 .0  ppm) C o n tro l
307 295 307 329
302 287 325 320
295 297
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T ab le  X V II. S h e l l  th ic k n e s s  (m ic ro n s) o f  eggs c o l le c te d  from  
March 7 to  March 17, 1972 from  m a lla rd s  fe d  a  d i e t  
c o n ta in in g  m irex  f o r  19 to  20 w eeks.
T rea tm en t
R e p l ic a t io n  M irex  (100 ppm) M irex  (1 .0  ppm) C o n tro l
1 318 305 335 356 323 296
320 307 295 323 325 323
320 296 307 311 320 314
301 310 320 328 297 315
307 305 310 307 277 302
302 305 351 312 295 329
305 302 287 310 320 295
305 295 312 305 335 307
295 284 330 310 330
300 320 298 325
343 321 320 344
307 290 328 330
315 295 324 284
323 324 351
348
2 318 343 328 348 335 351
333 344 338 323 335 371
295 328 348 302 338 323
(continued on next page)
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Table XVII. (continued)
T rea tm en t
R e p l ic a t io n  M irex (100 ppm) M irex (1*0 ppm) C o n tro l
328 345 311 328 318 287
305 300 323 329 351 352
318 333 307 345 320 353
323 312 343 323 330 259
325 305 340 320 323 273
337 353 318 330 318 325
302 333 321 318 312 340
312 309 286 324 333 331
312 326 328 315 323 319
318 337 272 330 345 348
323 316 325 351 358 348




3 339 323 334 371 330 325
306 311 318 371 348 307
328 334 326 330 323 335
330 323 361 323 302 320
(con tin u ed  on next page)
1 5 5
Table XVII. (con tin u ed)
T rea tm en t
R e p l ic a t io n  M irex  (100 ppm) M lrex (1 .0  ppm) C o n tro l
293 304 372 326 301 318
302 287 345 312 292 302
315 325 331 330 361 345
328 269 328 340
328 338 331 330
319 320 343 358










4 333 377 320 318 320 340
320 348 295 310 333 323
320 353 292 286 333 328
(continued on next page)
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Table XVII. (continued)
T rea tm en t
R e p l ic a t io n  M irex  (100 ppm) M irex  (1 .0  ppm) C o n tro l
325 345 264 324 310 312
324 351 307 298 316 315
333 254 323 216 345 320
330 342 284 307 333 335
335 376 340 311 345
358 328 312 337











5 343 333 318 361 318 314
312 342 323 325 335 335
314 323 321 375 328 320
(c o n tin u e d  on n ex t page)
Table XVII. (con tin u ed )
157
T rea tm en t
R e p l ic a t io n  M lrex  (100 ppm) M irex (1*0 ppm) C o n tro l
309 330 329 334 347 337
257 295 376 319 330 309
310 319 311 312 319 312
323 325 358 328 307 305
323 318 302 307 278 267
315 323 335 361 330 320
240 301 340 305 312 312
236 307 331 323 326
334 305 333 330
290 338 333 292
295 323 307
6 309 330 345 310 311 316
320 323 326 316 282 326
333 297 323 272 335 305
290 305 353 339 310 349
318 343 328 297 244 235
326 347 347 318 321 343
320 318 300 334 330 297
338 315 345 367 213 310
312 329 323 310
338 328 323 267
(c o n tin u e d  on n ex t page)
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T ab le  XVII. (c o n tin u e d )
__________________________ T rea tm en t_______________________
R e p l ic a t io n  M irex  (100 ppm) M irex  (1 .0  ppm) C o n tro l
329 315 348 315








T ab le  X V III. A n a ly s is  o f  v a r ia n c e  o f e g g s h e l l  th ic k n e s s .
Source d . f .  M eansquares "F"
T rea tm en t 2 73.16 0 .8 8  NS
E r ro r  15 83 .04
T o ta l 17
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T ab le  XIX. S h e ll  w e ig h t (gms) o f  eggs c o l le c te d  from F eb ru ary  24 
to  March 6 , 1972 from m a lla rd s  fed  a d i e t  c o n ta in in g  
m irex  fo r  17 and 18 w eeks.
T rea tm en t
R e p l ic a t io n  M irex (100 ppm) M irex (1 .0  ppm) C o n tro l
1 5 .5 4  4 .7 3
5 .0 3  5 .0 0
5 .2 2  4 .8 0
4 .4 0  4 .8 5
4 .8 3  4 .5 0
5 .1 1  5 .36
5 .2 9  4 .8 2
4 .6 4  4 .2 7
5 .6 7  4 .0 7
4 .7 9  4 .7 6
4 .4 0  5 .56
5 .1 4  4 .6 9
5 .2 5  4 .5 5
4 .4 5  4 .7 2
5 .2 6  4 .8 6
2 4 .3 3  5 .71
4 .8 1  5 .92
5 .5 5  4 .8 0
4 .8 1  4 .3 3
5 .0 0  5 .1 0
4 .9 9  5 .15
5 .0 9  5 .1 4
4 .9 5  4 .5 8
4 .9 8  4 .3 6
4 .8 2  5 .0 4
4 .7 6  5 .0 5
4 .9 9  4 .8 7
4 .4 9  5 .1 9
5 .2 9  4 .8 5
5 .0 2  5 .07
5 .0 0  5 .07
5 .0 5  4 .8 5
4 .9 5
4 .7 3  5 .4 1
6 .0 0  5 .6 0
4 .8 1  4 .1 2
(con tin u ed  oi
4 .9 8  4 .9 9
5 .0 2  4 .81
4 .6 1  3 .45
3 .6 9  4 .82
4 .8 5  4 .27
5 .2 1  4 .8 8
4 .9 5  5 .52
4 .0 8  5 .02
4 .0 2  4 .8 9
4 .7 5  4 .9 4
4 .4 5  4 .2 5
5 .0 9  4 .9 4
4 .9 8
4 .2 9  5 .1 8
6 .1 8  5 .95
5 .0 5  5 .8 4
next page)
161
Tabic  XIX. ( c o n t in u e d )
T reatm en t
R e p l ic a t io n  M irex (100 ppm) M irex (1 .0  ppm) C o n tro l
5 .0 2 4 .8 3 5 .6 6 4 .8 5 4 .2 8 6 .03
5 .0 5 4 .37 5 .1 5 4 .1 6 5 .1 0 5 .86
4 .5 7 5 .2 4 5 .61 5 .6 6 6 .0 3 6 .15
4 .4 1 4 .2 7 4 .8 3 4 .2 3 4 .9 9 5 .12
5 .0 3 4 .2 8 5 .6 3 5 .77 5 .2 9 6 .15
5 .2 4 4 .5 8 5 .0 5 5 .5 6 4 .8 7 5 .9 0
5 .2 9 5 .6 9 4 .0 6 4 .7 9 4 .5 0 4 .5 2
5 .1 9 4 .9 8 4 .8 5 5 .57 5 .06 5 .8 4
5 .6 5 4 .4 5 4 .0 4 4 .2 9 5 .5 4 5 .6 3
4 .6 2 5 .8 0 3 .6 0 5 .0 5 5 .77 5 .1 8
4 .9 5 5 .32 5 .0 5 6 .0 8 4 .9 7 5 .77
4 .6 6 6 .05 5 .67 5 .37 5 .5 9
4 .0 6 4 .7 6 5 .52 5 .4 0
5 .9 8 5 .8 8 5 .7 3 4 .1 2
5 .0 4 4 .7 5 5 .7 0 5 .8 8
5 .0 4 5 .6 8 5 .0 5
5 .0 8  5 .17
4 .8 9
(c o n tin u e d  on n ex t page)
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Table XIX. (con tinu ed )
T rea tm en t
R e p l ic a t io n  M irex (100 ppm) M irex (1 .0  ppm) C o n tro l
5 .12 4 .9 5 5 .8 6 5 .56 6 .6 9 6 .2 9
5 .16 5 .2 3 5 .2 3 4 .6 9 5 .5 9 5 .37
4 .5 5 5 .2 0 5 .0 5 5 .9 4 6 .5 0 5 .1 0
6 .37 4 .6 0 5 .2 8 5 .7 4 6 .6 4 5 .3 0
4 .8 6 5 .35 5 .7 5 5 .0 3 5 .2 5 6 .79
5 .17 5 .2 2 5 .1 6 5 .5 5 5 .5 9
4 .9 3 5 .2 8 4 .9 8 4 .9 4
4 .5 4 4 .6 8 5 .8 2 4 .9 9
5 .0 9 4 .4 3 5 .1 5 6 .2 6
5 .07 5 .6 0 4 .6 4 5 .1 3
5 .3 5 5 .0 4 6 .0 3 5 .1 4
5 .27 5 .0 2 5 .0 6
5 .4 9 6 .0 0
5 .5 4 6 .1 4
5 .2 1 5 .5 0
5 .1 3 5 .7 2
5 .2 5 5 .4 5
5 .4 9 5 .27
5 .1 2 6 .2 9
(continued  on next page)
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Table  XIX. ( co n t in u e d )
Treatment
R e p l i c a t i o n  Mirex (100  ppm) Mirex ( 1 .0  ppm) C ontrol
6 .1 3 5 .6 6
6 .16 5 .2 0
5 .5 0 6 .35
5 .37 5 .5 3
5 .0 3 5 .7 6 4 .0 2 6 .0 5 5 .1 8 5 .3 4
5 .4 4 6 .6 4 5 .1 9 5 .5 4 4 .8 6 5 .3 8
4 .6 7 4 .9 9 5 .7 6 5 .9 9 5 .6 9 5 .3 4
6 .17 5 .4 9 5 .0 5 5 .2 6 5 .8 8 5 .6 8
5 .5 3 5 .1 3 5 .55 4 .0 7 4 .9 4 4 .8 3
6 .1 0 5 .4 4 6 .3 7 4 .2 5 5 .1 0 5 .1 9
5 .4 4 4 .5 8 5 .7 8 5 .1 8 5 .3 5 4 .9 7
5 .1 4 6 .1 3 5 .2 2 4 .1 0 5 .7 5 5 .8 0
5 .4 5 5 .6 8 4 .1 2 6 .1 5 4 .7 4 5 .1 9
5 .3 0 5 .57 5 .9 6 4 .6 4 5 .5 4 5 .2 4
6 .3 6 5 .9 1 5 .5 9 5 .3 9
5 .8 8 5 .1 8 5 .3 9 5 .3 3
5 .0 4 5 .37 5 .6 6 5 .6 1
5 .5 7 6 .6 4 5 .4 4 5 .6 8
5 .2 0 5 .7 5 5 .5 8 5 .3 8
4 .9 9 5 .0 8 5 .2 8 5 .2 4
(co n t in u e d  on n ext page)
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Table  XIX. ( c o n t in u e d )
T rea tm en t
R e p l ic a t io n  M irex (100 ppm) M irex (1 .0  ppm) C o n tro l
5 .52 5 .3 4 4 .6 3
5 .5 0 5 .4 4
5 .3 0 5 .45
5 .5 8 5 .1 9
5 .6 9 5 .4 5
5 .1 9 5 .3 1 5 .0 1 5 .3 1 5 .47 4 .5 3
5 .2 0 4 .7 1 5 .2 1 5 .8 0 4 .5 9 5 .2 9
5 .1 7 5 .3 0 4 .8 6 5 .2 7 5 .3 3 4 .5 0
5 .2 4 4 .9 4 5 .9 3 5 .22 4 .8 0 4 .8 4
5 .3 5 5 .2 4 4 .7 4 4 .7 2 4 .9 4 4 .7 4
4 .9 6 5 .0 6 5 .6 0 5 .6 0 5 .4 0 5 .3 0
5 .1 1 5 .2 3 5 .7 9 5 .9 5 5 .3 4 3 .1 0
5 .3 0 5 .2 4 5 .1 7 5 .4 7 4 .9 3 5 .0 3
4 .7 4 4 .7 4 5 .37 5 .3 8 4 .9 7 5 .3 9
5 .3 0 5 .3 4 4 .9 7 5 .8 7 5 .2 2 5 .1 0
5 .4 3 5 .4 0 5 .8 6 5 .5 9 5 .5 0 4 .8 0
4 .8 3 4 .4 8 5 .4 2 5 .5 6 5 .1 6 4 .9 8
4 .9 2 5 .2 7 5 .2 9 5 .4 7 4 .9 2 5 .3 3
5 .2 4 5 .1 1 6 .1 3 5 .5 3 5 .0 4 5 .17
5 .7 3 5 .37 5 .6 6 5 .8 2 5 .2 2 4 .9 8
(C on tinued  on n e x t page)
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Table XIX. (con tin u ed )
T rea tm en t
R e p l ic a t io n  M irex  (100 ppm) M irex (1 .0  ppm) C o n tro l
5 .0 9  4 .5 9
5 .3 6  4 .75
5 .4 8  4 .7 8
6 5 .7 5  4 .9 5
5 .5 1  5 .1 1
6 .0 4  4 .9 5
4 .7 3  5 .31
4 .6 7  5 .66
5 .9 3  4 .9 5
5 .7 9  4 .0 2
5 .0 5  4 .77
5 .0 8  4 .7 3
4 .6 7  5 .17
4 .5 7  5 .2 4
4 .6 0  4 .8 7
4 .9 6  5 .8 0
4 .6 0  5 .95
5 .2 2  5 .17
5 .7 0  5 .4 8
5 .1 8  5 .4 5
5 .0 2  5 .6 8
5 .5 8
4 .8 0  5 .9 7
5 .46  5 .9 9
6 .1 3  5 .0 3
5 .37  5 .8 9
4 .6 3  4 .6 8
4 .8 3  5 .2 0
6 .32  5 .6 8
3 .1 1  4 .5 4
6 .1 5  4 .4 0
5 .75  5 .4 7
5 .2 9  5 .3 8
5 .5 8  5.19
5 .3 9  5 .24
5 .1 6  4 .73
4 .8 3  5 .50
5 .7 7  5.37
4 .4 0  4.42
5 .3 6  4.85
5 .2 6  4 .28
4 .6 5  5 .20
5 .2 1  4 .83
4 .2 3  4 .80
4 .5 0  4 .26
5 .2 0  5.20
4 .6 5  5.17
4 .7 3  3.61
5 .1 0  4.39
4 .6 6  5 .18
(con tin u ed  on next page)
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T able XIX. (con tin u ed )
____________________________Treatment_______________________
R e p l ic a t i o n  M irex  (100 ppm) M irex ( 1 .0  ppm) C ontro l
4 .5 7 4 .9 0
5 .1 0 4 .7 3
5 .1 8 5 .3 3
5 .2 3 5 .2 3
5 .9 0 5 .1 8
6 .0 2 6 .0 8
4 .7 5 5 .77
5 .0 0
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T able  XX. A n a ly s i s  o f  v a r ia n c e  o f  e g g s h e l l  w e ig h t .
Source d . f .  Mean sq uares  "F"
Treatment 2 0 .0 2 2  0 .2 1  NS
Error 15 0 .1 0 4
T o ta l 17
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T ab le  XXI. A n a ly s is  o f  v a r ia n c e  o f  p e rc e n t  egg em b ryonation .
Source d . f .  Mean sq u a re s  "F"
T rea tm en t 2 93 .0 0  0 .4 8  NS
E rro r  15 191.47
T o ta l 17
L 6 9
T ab le  XXII. A n a ly s is  o f v a r ia n c e  o f  p e rc e n t h a t c h a b i l i t y .
Source  d . f .  Mean sq u a re s  "F"
T rea tm en t 2 12.62 0 .0 8  NS
E r ro r  15 147.61
T o ta l 17
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